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CHAPTER I. · 
INTRODUCTION. 
Problem stated.-The unusual Width of the v~lley of Cedar 
river, together with the regular and distinct line of bluffs be- . 
tween West Liberty and Columbus Junction suggested to Cal-
vin -as -early as 1874;1 the possibility of the-existence of a former 
:glacial lake in the region. Udden, some years later, in -1899, 
while working on the -geology of Muscatine county, _ arrived 
at the saIfie conclusions, mapped the. ancient shore lines, wrote 
a description o(-£he lake site and named the old "fossil ". lake, 
'Lake Calvin,;2 in honor of its discoverer, D~. Samuel Calvin, 
then director of the Iowa Geological Survey. Since Udden's 
work, however, was, confined to Muscatine county, the entire site 
of the extinct lake had never been mapped and -described. 
,Furthermore, conclusive evidence -of Lake Calvin's existence 
had' not been presented and a discussion of the inlet and outlet 
Of the lake were wanting entirely. Progress in Pleistocene geo-
logy; especially in the recent interpretation of .the gunibotilS and 
the develop'ment of the theory of its origin, also demanded a re-
consideration of the lake problem: With these considerations 
in mind, the writer u:p.dertook the necessary work, the results of 
which are incorporated in this report. ' The problem of the · 
writer's investigations ,thus resolved itself into the' following 
points: 
1. ,to establish without a ,doubt either the existence or non-
existence of Lake Calvin, ' 
2. to carefully map and describe the exact and complete ex-
tent of the ancient lake, if such existed, 
3. to account for the lake ?s origin and to trace out fully the 
lake's history.if there was a lake, 
1 Calvin'lt report to President Thatcher of the State 'University of Iowa. 1874. Partly 
reprinted in Udden's report on the "Geology of Muscatine County": Iowa Geological Sur· 
vey. Vol. IX, pp. 852 and 853, 1899. 
2 Udden, J. A., Geology of Muscatine County: Iowa Geological Survey, Vol. IX, p. 857, 
1899. . 
8 Kay, George F., Gumbotil, a New Term in Pleistocene -Geology: Science, -New Series, 
'Vol. XLIV, Nov. 8, 1916. Reprinted in ~owa Geol. Survey, Vol. XXVI, pp. 217 and 218 
1915. ' 
, 
r 
'--
IowA. GEOLOGICAL SUBVlIY . PLA.TB VI 
N 
~ 
...,,,.£.5 · 00 
c=J ~ 
LAt(E CAl.VIN LAKE C.ALVIN 
8A~IN R£GION 
Hap showing the location and extel\t of extinct Lake Calvin. 
, . 
,I ' 
,-
GEOLOGY OF LA.X!E BASIN 57~ 
4. to test the gumbotil hypothesis by seeing whether the pre-
sence of a Lake Calvin was in harmony with or 'detri- , 
mental to the gumbotil idea. 
Location of extinct Lake 'Calvin.-Geographically, extinct 
Lake Calvin lies in the southeastern part of Iowa.' The site of . 
this former expense of water, as can be seen from Plate VI, is 
confined chiefly to an area lying roughly parallel to Iowa and 
Cedar rivers, from Iowa City and Moscow in J ohn~'on and Mus-
. catine counties respectively, in the north, to Columbus Junction, ' 
Louisa county, in the south. Physiographically, the area under 
discussion is a distinct unit, being bounded on the east by the 
Illinoian plain and ' on the north, west and ' south by the ' Kansan 
uplands. . 
'. Lake Calv.in Basin Defined.-The Lake Calvin basin is limited 
to, that area which was actually the site of the former glacial 
body of water as compared to the surrounding region which it 
was necessary to consider for a complete and a clearer under-
standing ·or'the problem. The latter is termed the Lake Calvin 
region. . The relation between the two is made clear by refer-
. ring to Plate VI. It is the intention of the writer to confine his 
theme, as much as possible, to the Lake Calvin basin. 
"General Cha.ra.cieristics of the Basin. 
Topography and relief.-The Lake Calvin basin is an exten-
sive lowland surrounded on all sides by drift uplands rising 
above it to the height of eighty to one hundred feet. Having 
been the site of a former lake, its topography is more or less ' 
that of a monotonous " plain with. but little relief. This flat 
." ... ANO 
FIG. 6.-Generalize$l crQss"section of the Lake Calvin basin. 
I . . . 
stretch of country has an elevation of about 680 feet · above sea 
level in the northern extremity and slopes gently southward at 
a rate of two and one-~alf to three feet per mile for a distance . 
./ 
, 
.. 
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of about twenty-five nilles, where it has an e1evation o'f 620 feet . 
. The surface of this level plain, however, is not without some re-
lief as a cross section of . the r.egion· shows. (Figure 6.) . 
Geology.-Deeply buried beneath the unconsolidated Pleisto-
cene sands, clays and, tills are the indurated strata of' limestone, 
dolomite, sandstone and shale belonging to the Silurian, Bevon-
ian, Mississippian and Pennsylvanian systems. Exposures of 
. . 
bedrock are lacking..in the lake basin proper with the exception 
of some ·in the valley walls. of Iowa and Cedar rivers north of 
IQ;"wa';City and ;¥oscow respectively, and in the 'arm-like exten-
, . 
sion of the lake along English river in Washington county. 
,:,{Jrai'il!J,g~" i'(l, Jhe lake basin.-The Lake Calvin basin lies in the 
drainage systems '6f Iowa and Cedar rivers, which empty into 
Mississippi . river a little northeast of the village of Oakville, 
Louisa county. Old Mans creek; English river, Whiskey Run, 
Davis and Goose creeks may be mentioned as the most impor-
tant tributaries of Iowa river, while Wapsinonoc and ' Mud 
creeks form the chief affluents of, the Cedar. On the whole, the 
natural drainage' of the lake basin is very incomplete The 
courses of the master .streams; especially that of Cedar river, 
are marked, · by varlous sloughs, abandoned channels, marshes' 
and crescentic ponds. . 
CuJ,ture in the ''lake-.basin.-As might be expected, the ;Lake 
Calvin basin is primarily an agricultural district in which oorn 
is the most important crop raised.4 Because of the sandy soil in, 
the vicinity of . Moscow an,d, Conesville" the raising of water-
melons and cantaloupes has . developed as a specialized truck 
farming in~ustry. Each year several hundred carloads of mel-
ons are shipped from these. places. ' Next to truck gardening. 
and the ' raising of ordinary crops, the. raising and feeding of ~ 
beef cattle and hogs is important. West Liberty, Wilton and 
Nichols have 'become the centers for the raising of Pllre bred 
hogs. Dairying is slowly developing with' ~eadquarters 'at 
West Liberty and Wilton. The only manufacturing of any 
importance . is done at" Iowa ' City ' where. several factories have 
1?eeIi e.stablished. · ' In connection witn the j}attle' raising iiidus'-
• u. S. Departiilent oiAgriculture; Soli Survey . of :Muaca.tI~e County. Iowa.. ·pP. 9·22; 1916: 
~'-' 
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try, shipping is .extensively carried Qn. No. small village is! 
withQut its smalt white stQck yard. 
With theexceptiQn Qf the numerQUS gQQd rQads in the re-
giQn, the ChicagQ, .. RQck Island and Pa:cific railway fQrms the 
main, means Qf cQmmunicatiQn between the numerQUS tQwns and, 
villages. ',The main lrne Qf the HQck Island system trav~rses 
the regiQn' in an east-west directi'Qn and passes thr:Qugh the 
tQwns Qf Durant, WiltQn, MOSCQw, Atalissa, West , Liberty and 
!QiWa City. A nQrth-sQuth line Qf this same system cQnnects , 
West Liberty and NichQls, CQnesville and CQlumbus J unctiQn. A 
sub-line ~xtends SQuth frQm Iowa City With a western branch, 
to. Riverside and KalQna and an ,eastern I Qne ' to. LQne Tree, 
NichQls and Muscatine. Still anQther spur CQnnects WiltQn and 
Muscatine. 
The largest citY .Qn 0.1' at the border of the lake basin is IQwa ' 
City with a populatiQn Qf abQut 12,000 inhabitants. Manu-
facturing, is carried Qn to. SQme extent, ,but the city is nQted fQr 
itsbeiIig the seat Qf the State University o.f Io.wa and the ' 
cQunty seat ·fQr J QhnsQn cQunty. West Liberty, Co.lumbus 
J unctiQn and WiltQn are Qf abQut 1,500 and 1,000 peQple and are ' 
chiefly commercial and residential tQwns. ToWns Of lesser im-
PQrtance are: Durant, NichQls, Riverside, KalQna, ' CQnesville, 
Atalissa, Hills and Gladwin., In addition, nurp.erQUS small trad-
ing 'ceNters are scattered Qver the regiQn~ . 
, Field work.-Field wQrk 'was cQnducted during 'the sulllIrier ' 
mQnths Qf 1916 and 1917 . . Mapping Qf the lake fQrmed the ma-
jor part of the wQrk during the first seasQn, whereas the seaSQn ( 
of ' 19!7. was q.evQted 'chiefly to. ' the ' examinatiQn 'Qf cuts,' the 
des'cl'iptiQn Qf sections, the tracing Qf the temporaty illinQian 
l\:tis'sissippi 'river ,cnahriel, lthe ,studying' Qf the ' inlet ' and \ outlet · 
, Qf the lake, and a careful inspect~Qn Qf the illinQian drift and to-
pography. A cQnsiderable amQunt Qf mapping and detailed wQrk 
in the vicinity Qf IQwa City-was done in the 'early spring Qf 1917. 
Whereas the, wQrk Qf the first field seaSQn was accQmplished 
,alQne and Qn fQQt, the secQnd was dQne largely with the aid Qf 
, an ~utQmQbile. ' During the mQntli of June, 1917, the writer ' 
spent fQur days in the field with Dr. GeQrge F. Kay, studying 
? 
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. the illinoian drift, the peat ana gumbotil . deposits of Louisa · 
county. A day was spent with Professor A. C. Trowbridge ex-
amining the outlet 'of the lake in the vicinity of Columbul' J unc- ,-
tion. During the month of August, 1917, .the writer was ac-
companied in the field by Mr. Bert C. Gose 'of Simpson College. 
In addition,. several local excursions and week-end trips were 
made during the fall of 1917 ' and the month of June, 1919, com-
pletIng the necessarY field work. . 
Although Lake Galvin lies almost entirely in Muscatine and 
J o~nson counties, field work was not restricted to that area, but 
included to some extent the whole region in Iowa affected by the 
lllinoian ice sheet, which includes practically the entire southern 
half of eastern Iowa, qr the following counties: Lee, Des Moin'es, 
Louisa, Jefferson, Henry , Muscatine, Washington, Johnson, 
. Cedar, Scott, Clinton and J ackson~ . . 
Acknowledgments.-In connection with the field investiga- ' 
ti,on of this problem, the .writer wishes to express his apprecia-
tion to Dr. George F . . Kay, DirectQr ~f the Iowa Geological Suf·-
vey, and to Professor A. C. Trowbridge, of the Geological De-
partment of the State University of Iowa, for their neld c~n­
ferences. The writer also acknowledges pis indebtedness .to 
Professor Trowbridge for the supervision of the field work. and 
for the examination and critici'sm of the manuscript. . Thanks 
are due also to the other members of the Geological staff, of the 
State University of Iowa for encouragement ~nd for their keen 
iilterestin the problem. The writer also wishes to express his 
obligation to Dr. James H. Lees, Assistant State Geologist, for 
editing the manuscript of this report. Finally, great obliga-
tions are due to the Graduate college of the State University 
-of Iowft for the granting ' of a fund of $100 for field research 
purposes . . 
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mSTORY OF PLEISTO,CENE INVESTIGATIONS IN THE LAKE' 
, . CALVIN REGION. 
Although the history of Pleistocene investigation in t~e, Lake 
CalVin region can be traced back as far as 1852 at the time when 
David Dale Owen p:ublished his "Report of a Geological Survey 
of Wisconsin, Iowa and M,imiesota" no great progress had been 
made Ulitil about ,1891 when ,W J McGee's classic rep.ort .on 
, "The Pleistocene History of Northeastern Iowa" appeared, 
Previous to this time; practically all of the work was devoted to 
the study of the 'jJ:l.durated rocks, especially with the, idea of 
developiI,lg the mineral resources , of the state. It is true that 
Owen,5 as early as 1849, noticed' erratic bowlders scattered here 
and' there over the surface. To explain their origin, he ' intro-
duced the theory of strong ocean currents coming from the 
north and ca.rrying floatjng ice over the land, which at that, 
time was still submerged. ,'This pioneer geologist was more in-
terested in the Carboniferous ana other systems than in the , 
drift. 
The work of Owen was followed by that of J'ames Hall/, first 
~tate geologist of Iowa, and his assistants ,J. D. Whitney and A. 
H. Worthen. Hall busied himself primarily with the indurated 
:r:oc~s but gave ,some attention to the drift, which he believed 
had "been deposited ~der the influence of somewhat turbulent 
currents.' '1 In Hall's report, vVorthen described the geology of , 
Washington county, inclllding in his discussion loess and drift, 
the latter having been deposited by "Drift agencies."8 
C. A. White9 was the first state geologist of Iowa to give any 
detailed consideration to the Pleistocene. As early as 1858, 
5 Qwen, D. D., Report of a Geological Survey of Wisconsin, Iowa and Minnesota, p. 1~ 
, 1852. Calvin, S., Proc. Io~a Acad; Science, Vol. 'V, p. 64. 1897. 
6 llall, James, and ,Whitney, 'J. D., Report of the Geol. Survey of the State of Iowa, Vola. 
I and II, 1858. 
1 Idem. Vol. I. Part I . , ' 
8 Worthen, A; H ., Geology of Iowa, Vol. I, pp. 241 and 248, published ' in Hall's repori 
'cited in 6. , ' , ' , , , ' 
II white, C. A., Report on the Geological Surv(>y of the State of Iowa, Vols. I and n. 1870. 
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glacial striae10 were discovered by him near Burlington although 
no account of them was published at that time. Later he fully 
described the ~iacial deposit~ and recognized their origin, with-
out, however, separating the various surface drifts into their re-
spective ages. . _ He described briefly the drift of Washington 
county, but' dealt in more detail with t}le c9al found in that and 
Muscatine' counties.11 
As early as 1887, CalVin12 attempted' to account·for the orl-gin 
of the loess, "the peculiar y~llow clay, so well known in rainy 
weather at least, in the ro~ds and fields near Iowa City.' 118 Cal-
vin recognized its connection with the great continental ice 
sheet and believed th~n that the loess represented the finest 
mud that was' deposited in a lake. It was his coni0ntion that 
the surface was not all eovered with ice tut that '·'lakes of Un-
frozen water' '14 were hemmed in by ice barriers. It w~s not 
until later years that Calvin understood the eolian origin' of 
the loess. 
I Ice furrows near Iowa City were described by Webster15 as 
early "S 1888. McGee16 Fefers to these glacial · scorings as 
being .the only ones occurring in northeastern' Iowa. In the 
same year, Shimek17 described some of the fossils found in the 
loess at Iowa City and Witter 18 made s9me obs'ervations on the' 
loess in the vicinity of Mu·scatine. 
. ' It was for W J McGee19 to differentiate ' more - than one 
drift. sheet in Iowa. His detailed work in northeastern Iowa, 
which includes practically all of the Lake CalVIn region, ex-
cept that portioh iI). Washington and Louisa counties, led him 
to believe that there were two distinct drift sheets in Iowa 
10 .Keyes, C. 1,t., Glacial Scorings in Iowa, Iowa Geol. Survey,,' Vol. III,. p . 154, 18~a . 
11 'White; C. A:, Report on the Geological Survey of the State of Iowa, Vol. I , 1870. 
12 Calvin, S., Fragments ' of Geological History, Johnson County, Iowa Histori'cal Record, 
l·S, pp. 100-107, 1885-1887. . 
13 Idem, p: 10&. 
14, Idem, p. 106. 
15 Webster, C. L ., American Naturalist, XXII, pp. 408 and 409, 1888. Keyes, C. R., Gla· 
cial Scorings in Iowa: Iowa Geol. Survey, Vol. III, pp: 152 and ISS, 189S. 
16 McGee, W J, The Pleistocene History of Northeastern Iowa: U. S. Geological SuneT, 
Eleventh Ann. Rept., Pt. I, p. ' 200, 1891. '. 
17 Shimek, B., Notes on the fossils of the loess at Iowa City: . Am, er. Geol., Vol. I, p. 14,9, 
1888. " ' . 
18 Witter, F . Mo, Some Additional Observations on. the Loess in and about Muscatine: Proe. -
Iowa Acad. Science. Vol. I. Part I, 1888. 
-'19 McGe~. W 'J . The Pleistocene ' History of Northeastern Iowa : U. S. Geol. Survey. EleTr 
enth Ann. R,ept., Pt. I, pp. 189·577. 1891. 
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sep~rated' by a forest bed. Both the "Lower" and the "Upper" 
till, as McGee named the two drift sheets, 'are represented in 
,the Lake Calvin region. In addition to ,describing the two tills, 
·this pioneer , geologist also mentioned the . terraces along Iowa 
and Cedar rivers and discussed in some detail the old Goose 
Lake channel which was occupied by, Mississippi river during 
the Illinoian stage of ·glaciation. . McGee did not ,confine his 
,work to the Pleistocene deposits, but also included in his stu-
dies the indurated strata. 
In 1892, Professor Witter20 of Muscatine published an ac-
count of tl).e first gas well in the 'drift, which was located in the 
northern part of Louisa coimty, and in the following year 
Keyes21 described the glacial scorings found in the lake region. 
- In 1894, at the time that Mr. Frank Leverett of the U. S. Geo-
logical' Survey was working on his newly q.iscovered drift, the 
Illinoian, Francis M. Fultz22 of Bu:r;lington, independently of 
Leverett, found evidence of the same younger till sheet in south-
eastern Iowa. Erratics of a jasper conglomerate were known . 
, to exist, all the W;1y from eastern Ohio to western Illinois and 
, as far south as Kentucky. The presence of these Huronian 
erratics seemed to prove that the ice sheet had ~ormerly ex-
,tended as far south as Kentucky and as far west as I~inois, but 
at 'that time the idea that the great ice mass could. have crossed · 
the deep valley of the Mississippi and inva~ed southeaste~n 
~oW!a . 'seemed incredible. The n:ndin~ or'two o.f t,hese foreign con~ 
:glomerate's; 'One by Leverett, and the other. by Fultz, in Lee and 
:Des 'Moin'es, counties, as well. as the disc9yery of terminal mar-
aine deposits, the Sandusky bowlder ridge, in Lee county, were 
sufficient evidenc~ to' those geologists that Io~a ' .had been in-
vadeq. by an ice sheet from the east. It is interesting to not~ 
'tllat Ht this 'time the Iowan and Illinoian ice invasions were be-
lieved to have been contemporaneou~. I~ 1896 Fu1.tz2s discov~:r;ed 
'~urther evi'dence of .the 'Illinoian ice incursion 'by' finding 'gla- , 
20 Witter, F : M., Gas Wells near Letts: Proc. Iowa Acad. Science, Vol. I, Part II, pp, 
68,. 69. 1890: 1891 ;' Amer. Gool., Vol. ' IX, p. 319, 1892. : . . . ' " ': ' 
'21 Keyes, C. R., Glacial Scorings iii. Iowa: Iowa ~ol. Survey, Vol. III, pp. 152,·163, 1893. 
22 Fultz, Francis M., 'Extension of the Illinois Lobe of the Great~ rce Sheet' i,rito Iowa' ~ Pi-oe. 
Iowa Acad. Scienoo. Vol. II. pp. 209·212, 1895. I' 
23' Fultz, Francis M., Recent 'Discoveries of Glacial Scorings in Southeastern ' Iowa:' Proe. 
Iowa Acad. Science. Vol. III. p. 61. 1896. ' 
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cial striae in the southeastern part of the state. In the ' same 
year, Bain24 published his report on the Ge?lo~ of ,Washihg-
toil county. ill this report Bain discussed t~e Kansan drift ~nd 
the loess and treated in some detail the Washington and other 
preglacial channels found in that county. ,An attempt to explain 
the origl.ll of the ,drainage system in the courity was undertaken 
also. ' 
,McGee's' work ushered in a period of detailed investigation 
regarding problenis in the Pleistocene. In-so-far as the region , 
under discussion is 'concerned, no names are so closely as-
sociated with the d~velopment of the surface geology as those 
of Calvin, Leverett and' Udden. Calvin's report on the" Geo-
logy of Johnson County 1125 appeared in 1897. Calvin, then 
state geologist, ,carefhliy and fully described the Kansan and 
Iowan drifts of the county and called attention to ~'the rapidly 
widening alluvial plain upon which the river," the Iowa' river, 
"enters after emerging 'from its 'canyon soutli of Iowa, City. 1126 
He further directed attention to the fact that ' "this last plain 
attains a width .of many miles'" and ifinally unites ,with a ' 
"plain of similar character that includes the lower coursebf the 
Cedar river.' 127 It was not until late~ that Calvin recognized 
this "rapidly ,widening alluvial plain" as the bed of an ancient 
extinct lake. 
Leverett first recognized and separated the illinoian drift 
sheet from an older drift covering in southeastern Iowa. Lev-
erett , recognized the new drift , as early as 1894, but the, term 
',illinoian' was not used by him at that time. It was introduced 
into literature by Chamberlin, then director of. the Wisconsin . 
Geologica~ Survey. It appears, however, that Chamberlin cre-
, dits Leyerett with having named the new drift sheet. Leverett 
is . t~e authority on the illinoian d,rift. It was he who mapped 
and mad~ the most extensive and aetailed studies regarding 
this younge,r drift.' The results of his investigations; covering 
, a period of over ten years, were published in 1899 by the United ' 
24 Bam, H. 'F ., Geology of Washington County : Iowa Geo!. Survey, Vol. V,' PP, 113·114. 
18911. , . ' 
25 Calvin, S., Geology of Johson COilnty: Iowa Geo!.. SurVey, Vo!. VII, pp. 88·116', 1897. 
26 Idem, p . ,45 , , 
21 Idem, ,po 4.6. 
, . 
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States Geological Survey as ' Monograph 38, entitled" The Illi-
nois Glacial Lobe." . During the course 'of Leverett 's inv~stiga­
tions, numerous articles were ,published by him regarding obser-
vations on the new drift, :oIi the ·preglacial' drainage of the area 
'and on the interglacial intervals. Pra~tically all of these earli-
er publications are embodied in his final treatise on the Illinoian 
drift cited above. . 
In the same year that Leverett'scla~sic monogr~ph appeared, 
. Norton published a report on the" Geology of Scott County. 1128 
This report deals at length with the preglacial surface of the' 
county and discusses In detail the Cleona channel, a tribut&ry ~f 
the preglacial Mississippir~ver of Leverett. Norton also de-
scribed the Nebraskan, the Kansan; the illinoian and th~ lowan ' 
drifts WIth their corresponding interglaci~l deposits. 
The most noteworthy and practically the only contribution 
concerning "Lake Calvin" is that of Udden29 who was the first 
geologist to describe and map the old "fossil lake". In his ac-
'count of the lake, U dden carefully. described the old l~ke bottom 
in Muscatine 90unty as it was then known, accounted for its ori:-
gin and named the lake "in conformity with precedents' '80 Lake 
Calvin, il1 honor of its discoverer, Dr. Samuel Calvin, ,then direc- ' 
, to.r of the Iowa Geological Survey. It may be mentioned at this , 
point that the borders of this ancient lake have never been 
, mapped except the parts in Musc~tine county, although on th~ 
"Preliminary Outline Map of the Drift Sheets of Iowa' ~ for 1904, 
published by the state survey, an extension of this lake appears 
in Johnson county as far north as Iowa City. In connection 
with Lake Calvin, U dden81 and. Meyers82 described some diato-
maceous deposits which the ;writers believed to have some bear-
ing ' on the existence of the old lake. " , 
Except for a mere. mention or two in the publications listed 
• below8•88 n~ other description of this ancient body\ of water has 
28 Norton, W. :8:., Geology of Scott County: Iowa Geol. Survey, Vol. IX, ;P. 391·519, '189'9. 
29 Udden, :T. A., Geology ,of ' Muscatine County: Iowa Geol. Survey" Vol. 'IX,pp. 246'388, 
1899. 
80 I .dem, p. 857. . ' 
81 Udden, J. A .• Diatomaceous Earth in Mnscatine County: . Proc. Iowa Acad. Science, 
Vol. VI. p. 58. 1899. . 
B2 Meyers, P. C., Report on a Fossil Diatomaceous Deposit in Muscatine County, Iowa: 
Proc. Iowa Acad. Science, Vol. VI, p. 52, 1899. . 
88 Calvin's report ,to President ,Thatcher of the State U'niversity of Iowa, 1874. Partly reo 
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~ppeared since Udden's r ,eport with the e~ception of a short ac~ 
count by 'Calvin39 in the Iowa State Atlas for 1904, published for 
,tp.e 'St, .. LoJ;Us ,:m.xp6Sit~cin,,' and" a short .. popular article prepared 
~y the 'writer40 for the Iowa Alumnlis. ' 
The last two county reports dealing with the geology of part 
of the Lake Calvin basil). were published in 1901. These reports 
are, "Geology of Louisa County" by U dden41 and the" Geology 
of Cedar County" by Norton.42 As in his other reports, Udden 
dealt with. aU .the surface' deposits, the Nebraskan, the Kansan 
and the lllionian tills, the loess and the terraces of Iowa and Ce-
dar rivers, and described the old temporary Mississippi river 
,chan.~el of lll.inoian time. It is' strange to note, however, that 
,although Udden ~ad previously mapped and described Lake Cal~ 
vin and ul1doubtedly knew that the old lake had extended into 
Louisa county; the term 'Lake Calvin' was not used by him in 
his report. It is true that in discussing the Iowa river lowlands, 
he mentioned the fact that the 'northernmost expansion of the 
lowlands constituted the south end of the West Liberty Plain, 
but he failed to state the origin of the plain.43 That writer be-
lieved the'. terraces or the "higher lowlands" along Iowa and 
, Ced~r rivers, to have been built up, in part at least, at the time 
of the Iowan ice invasion." This too; might lead one to suspect 
c~hl;tt he ,~a9.- perhap.g ;,<!h~nged his: .ideas r,ega;rditig the W ~st Lib: 
, A~·tYr']?lain} ;which lie , regaFded'~n hjs-Muscatine' 'county report as 
. '. , : .. ,- - \ . . ,. : (-
printed in Udden's report on the. "Geology of Muscatine County' : : Iowa Geol. Su~vey .. Vol. 
IX, pp. 852'353, 1899. , . ' , ' '" ' 
8~ , Leverett, F., Illinois . Glacial Lobe : U . .s. Geol. Survey, Monograph XXXVIIi,. -n. 96, 1899. ' ' , " ', ' , • 
~5 Anderson, Netta C., and Ud!len, J. A.; 'A (Preliminary 'List 'Of Fossil Mastodon and Mam· 
moth Remains in Illinois and Iowa, by Netta C, Anderson, and on the Proboscidian fossils of 
the Pleistocene Deposits in IlIinoiBo . and ,Iowa,: ,by John August Udden, Augustana Library ' 
'P'ublications, Number Five, pp. 31 and 32, 1905. 
38 Norton and Others, Underground Water" Rdo\lrees 'of' Iowa: rowa Geol. Survey, Vol. 
XXI, pp. 56, 558 and 56,0, 1912. Also U. S. Geol. Survey, Water Supply Paper .No. 293, 1912. 
r 37 U. S. Department of Agriculture, Soil' Survey ot" M1J.scatine · County, Iowa, P. 22, 1916. 
. 88 Alden, Wm. C ... and, :r,.eighj;on, M . .lIL, The Iow;an Drift, A ~eview of the evidence <If 
:the ' lowlul Stage of Glaciation ~ Towa" Geol. Survey, Vol. XXVI, Annual Report for 1915, p . 
l36, 1917. ' , , 
89 Calvin, S." Physiography of Iowa: Annual Report of the Iowa Weather and Crop Ser· 
vice for 1902. ,Reprinted in the Iow'a State Atlas of 1904.. " '. , , 
. 40 Schoewe, W. H. t , Lake Calvin, I'n' Ext,inct ' Glacial Lake'~ . -;Iowa ' !Alumnus" VoL: XVII, No. 4, pp. 193,1'97, 1920. ' .. , ,[ 
4,1 Udden, J. A., Geology of Louisa Coullty : Iowa Geol. Survey, Vol. XI;'<pp. 55'126, 1901. 
, '2, Norton, ' Wm .. H ., Geology of Cedar Coul.lty: · ' I<1wa Geol. Survey, Vol: XI, pp. ~.79·~9(j, 
1901. : ' ," ' : ' ., 'r 
'8 Udden, Op. · Cit., p. €II. ' ,'- ", '," " '! ,' : .. __ 
" Ope Cit., p. 113. ~ ,1'~ ,~ '/~' I r ... , r-. 
'; l -'I. ~ ... . ~ .... " .. " , '".~~ ... ... , . :.~ .. ~'} ::.~ 
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b~ing. ~ lak~ 4eposit. , . Fu,the:rmbr~, in cOllnection with his des~ 
g!ipt~o~ I :O,f '.the, Illino~~n , drift" Udd~n . me:q.tioned' the, faQt -that 
while the Illinoian ice sheet was building up , its terminal mo- , 
raine, Mississippi river was forced out of its channel and oc-
cupieda broad shallow valley which extends from', the Iowa 
river border of the upland, south past Columbus .J unction to, 
Winfield and thence west to Skunk river. , And then after stat-
ing that" The significance of tHis valley was first made ciear by 
Mr. Leverett,' 145 U dden failed to make clear that this valley was , 
the outlet of his "Lake, Calvin" of :M(uscatine county. Whether 
U dd~n changed his vie~s ' regarding the former , exist~nce of the 
Illinoian glacial lake is not apparent from thIs report. 
N oTton described the Kansan drift of Cedar county' and out-
lined in detail the preglacial surface and the preglacial Stan-
wood, channel, probably a· tributary of the preglac~al Cleona 
channel. N orton ascribed the' terraces along .Cedar river to the ' 
' Iowan, ice incursion. " . 
Between 1901 and 1916 but very little, if ,a;ny, progress along 
geologj,cal lines had been made in the lake district. ' The few 
publications46' 49 appended below add nothing new to the Pleisto-
cene knowledge of the region, but deal simply ~ith the already 
established' facts' regarding the glacial history of the lake basin., 
The only important, new contributions of recent date made in 
reference to the Pleistocene of the region are those of ,Leighton; 
then of the Iowa Geological Survey, and Alden of the 'u. S. Geo-
logical Survey. Leighton50 established the fact that Iowa' river 
north 'of Iowa City is post-Kansan in age anq also that an old 
preglacial or at least a 'pre.!Kansan valley extended in a 'north-
west-southeast direction across the southern , part 'of . Johnson 
county. south ·, of Iowa Ci.ty. Leighton ,attributed some of the 
~erraces ,lound 3!long the river. to ,the lowan stage of glaciation . 
.. . 
45 Op. ,cit., p. 109. , · · " , " ' " ' , 
,I.e Calvin, S., Present Phase of the Pleistocene Problem in Iowa': Bull'- Geol. Soc, ' Amer. 
ica, Vol. xx. p~. 133·152. 1909. , . , 
4'1 Norton and Others, Underground Water Resources of Iowa: Iowa Geol., Survey, Vol. 
XXI, ., 1~12. " Also, U. S. Geol. .. Sun-eY', Wa.tei' ,Supply P,awr,, 'No: 29,3, :19t2 . . ,.,,' , ', ' ' 
' ,, 48 'Hay. O. p" The pleistocene lralnmal$ of Iowa: ; towaGeol. SurVey, 'Vo\: XXII~, 19l'!!! 
49 u. S. Department of Agriculture, Soil Survey of Muscatine County, Iowa. 1916, -' l 
50 Leighton, Morris M., The Pleistoce~e History of the Iowa River Valley , North ' and West , 
of Iowa City, in Johnson County, Iowa: Iowa Geol. Survey, Vol, XXV, pp; '105·181, 1914. ' 
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This same geologist in: cooperation with AldenM of the U. S. Geo-
logic81 Survey discussed a "gumbo-like" clay found about 
two milE)S west of the village of Moscow in ' Muscatine county. 
Since the exposure of ,this" gumbo-like" clay 'is f0'llndso close 
to the bottom land of Cedar river, the writers did not consider it ' 
as' being a super-Kansan upla:p.d gumbo.~2 These &ame writers 
also suggested ' the possibility ,that the terraces along Cedar 
, river in the vicinity of. Rochester, believed by Norton to be of 
Iowan age, might "have , resulted from ' slackwater during the 
Illinoian stage "'and that" Such slackwater must have occupied 
,the ,valley as far up as Ivanhoe 'bridge southwest of Mount Ver- , 
non. " ~8 
As indicated ~der "Field Work'" on page 59, the writer's 
field work was not restricted to the Lake Calvin basin, but in-
cluded .practically. all the southern half of eastern, Iowa. Al-
though it is not the intention of the writer to trace the Pleisto- . 
cene' development of this region,' yet it is thought that a word or 
two ought to be said at this time ,regaFding the preglacial and 
glacial ~rainage of the streams, especially in reference. to 'Mis-
sissippi river. Probably no other problem in glacial geology is 
more complex and more ~ifficult to solve than that of the history 
of Mississippi river during the Quaternary period. It was the 
displaGement of this stream during llIinoian times that gave rise . 
to the formation of Lake Calvin. The most' important work in ' 
connection ~th the drainage problem of ]\fiississippi river has 
been done by; Leverett, McGe~, Calvin, Fultz, Warren, Hershey, 
Udden, Norton, BI:!-in, Keyes, Winchell, Lees, Sardeson, Trow-
, . bridge, Westgate, Grant, C,Iaypole, Gordon, Carman and Soper. 
Although definite' conclusions have been reached regarding cer-
tain portions of the master stream, yet on the whole, the h{story 
of th~ great river is still uncertain and unsolved. The, more im-
portant contributions dealing with this complex problem are 
given in Appendix A. 
~~ ' Alden, Wm. ,C., and Leighton, Morris M., The Iowan Drift, A Review of the Evidence. 
of the Iowan stage of 'Glaciation: Iowa Geol. Survey" Vol. XXVI, Ahnual 'Report for 1915" 
pp. 49·212, 1917. 
52 Idem, p. 196. 
~ ~ Idem, p. 136. 
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CHAPTER nr. 
PRE-PLEISTOCENE GEOLOGY' AND HISTORY OF THE LAKE 
.CALVIN BASIN. 
The Rock Formations. 
General Statement.-The bedrock geology of the Lake Calvin 
"basin h~Fl been determined mainly fro~ the reports of the vari-
ous counties in which the old lake lie's. Outcrops of the indurated 
i;trata a,re ex~remely few ' in number and are practically limited 
to the northern border and to " the English river arm of-the l~ke 
bed. The rock consists mainly of limestone, dolomite, sand-
TABLE 1. CLASSIFICATION OF TEE INDURA,TED ROCK FORMATIO~S 
REPRESENTED IN THE UAKE CALVIN BASIN. 
OBOUP S1!;STEM SERIES STAGE SUBSTAGE BOCK 
-Pennsylvanian Des Moines Sandstone, 
shale, coal 
Osage Burlington Lower LimestQne : 
Burlington 
, 
'Yassonville Limestone 
MisSissippian Oolite Ledges Oolitic 
Kinderhook English River limestone 
Gritstone S~ndstone " 
MapleMiU Shale 
-Paleozoic State Quarry Limestone 
, Cedar Valley Limestone 
Upper "Upper 
Up~r Wa.psipinicon Davenport Limestone 
D~vonian Devonian "' 
Lower, 
Lower Davenport Li,mestone 
" . 
Wapsipinicon Independ-
.ence Limest"one 
Otis Limestone 
Anamosa Dolomite 
Silurian Niagaran Gower LeClaire " Limestone, 
dolomite 
stone and !?hale and ranges in age from" Middle Silurian to 
Lower Pennsylvanian. The accompanying table is a "summarized 
'-
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SILURIAN- SYSTEM 11 
classification of' the' strata of this portion of the ' state . . See a,I: 
so certain other refere~ce's54 and. PhiteVII. 
-Th~ Silurian System. J • • ' 
THE GOWER LIMESTONE FORMATION. 
The Le Claire dolomite member.-The oldest formation of th~ 
bedrock in the lake basin is. the Gower limestone of Niagaran ,or 
Middle Silurian age. . This formation, which has been sub-
. divided into the Le Claire and ,Anamosa dolomite members, at-
tains a maximum thickness of about 120 feet. rrhe Le Claire 
limestone, about ninety feet thick, is 'a hard . brittle gray or 
bluish gray rock, in some places oxidized to a buff color. It con-
sists of two phases, a subcrystalline and 'a crystalline ' variety. 
The former philse abounds in moulds and casts of fossils and 
has a vesicular texture. In many cases it has assumed a brec- , 
ciated. or conglomeratic natllre and appears in ·mounds. in 
which practically' all signs of stratification are lost. It is oilly 
Q:!J. tl).ELsjsks and upper. surfaces of th€se mounds that the .strati-
fication again is visible. Not only do these beds dip in all direct-
!ions a,nd ~t .high angles, the higher angles ' ranging betWeen ten 
and ~hirty . de~rees, but the amount of dip varies considerab~y in 
shod distances. The ~rystalline phase of the Gower limestone 
is pure b:r:ittle fine and close-grained doloUlit~ of ~niform tex-
ture and composition. The rock possesses a ' subconchoidal 
fractur-e and ·shows close laminations and evenness of bedding; . 
- ( , QQrwn~m~Y Jh~ layers occur io. . tilte_d _p-Qsitions .... _As it weathers. 
the surface of the Le Claire li,mestone, especiaJly where 'it ii 
heavily bedded, 'becomes deeply pitted "with caverns. 
The Anamosa " dolo.mite memb-er.-rrhe Anamosa dolomite 
member'- has a,thic:k:rless .. :o;f .thit.t-y: ~feet:;;J. 'It"ii alighi:bnff, dully 
lustrouS" granUlar "r.ock ' in .which "fossils are. 'rare'~ - ~. ' This" soft 
laminated vesicular dolomite with even and parallel bedding-" 
planes weathers -into thin detached" laminre. 
Distributio1~:-The Gower limestone is -limited in areal distri-
bution to the northern and northeastern part of the lake bed. Af". 
may be seen from the geologi'c 'map, Plate VII, a tongue of 
54 ;Norton, W. R., Geology of Cedar Copty: .Iowa Geol. Survey, Vol. xi, 'pp. 304-S29; 
.190J: . :Ud.d~~; J .• ,A.,: Geol,?ln'; ' of .14uscati)l:e. CounW: Iowa Geol. Survey, VJl). IX, p .. 268, 
1899. Calvin, S., Geology of Johnson County: Iow:a Geol. Survey, Vol. VII, pp. 54-57, .1897. 
I. 
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this Sihirian formation extends down into Mus~atine county. 
Outcrops are· found only along ' Cedar river north of the village 
of Rochester in the' narrow finger-like extension of the lake. The 
best and most .completel:)ection showing both the Le Claire and 
the AnarP.osa me:r;nbers is to be seen at the Bealer quarries, locat-
ed along Cedar river at Cedar Valley. Here about 116 feet of 
, the Gower limestone formation is exposed . . 
The Devonian System.55 
Formation and Classification.-The, Devonian system is repre-
sented in the' lake area by the Wapsipinicon, Cedar Valley and 
State Quarry limestones all of which belong to the upper part ' 
of the system . . At the present time the Devonian rocks are 
classified as, follows: 
CLASSIFICATION OF THE DEVONIAN SYSTEM IN IOWA 
STAGE SUBSTAGE 
Missing I 
. , 
Lime Creek; 97-172 feet 
State Quarry; 40 feet , " 
, 
" 
Cedar Valley; 60-150 feet 
Upper Upper Wlapsipiliicon ' Upper Pavenport; 20-40 feet 
-. Lower Davenport; 2.0-35 feet 
" 
' Lower WBpsiphucon Independence; 2.0 feet 
Otis; 1.0-3.0 feet 
. 
---
Middle " Missing , 
" ' " ,---
Lower Missing 
THE WAPSIPINICON FORMATION 
Members.-' The Wapsipinicon limestone is of such a variable 
character that it has been divided into the following four mem-
bers: 
, {upper Davenport 
W ... Lower Davenport apslpmlCon I d d 
" n e~n ence 
, , Otis , ' 
, 55 Norton, W. R" GeolQgy, of Cedar County: Iowa Geol. Survey, Vol. XI, pp. 829-1142, 
1901. Udden. J . A., GeoJogy of Muscatine County: Iowa Geol: Survey. Vol. IX, pp. 268-
, 303, 1899. Calvin S., Geology ot J,ohnson County: Iowa Geol. Survey, Vol. VII, pp. 57-79, 
1897. " 
. ' " 
". 
. W~PSIPINICQ~ STAGE 
. l'ke · O~is member.-Lithologically anq. structurally the Otis 
. limestone varies greatly from plac~ to place. . In general it may 
be described as a pure fine-graine.d hard, . brittle brown to drab 
rock which breaks with a conchoidal or irregular . fracture . . The 
rock in places occurs he'avily bedded, especially where . it is 
cracked or fragmeJltal, and in other localities it is thinly lam-
.mated. The Otis member, which attains a thickness ra.nging 
from ten to thirty feet, is' not fOl:lsiliferous and contains some 
flinf nodules. . . '. . . . 
The Independence member.-The Independence member in the 
lake region is an impure, argillaceolls soft buff colored? speckled 
magnesian limestone which attains a thickness of twenty . feet. 
In places the rock contains angular fragments of other lime-
stones and· of silica. At such 'places, it weathers to an ' earthy 
luster while its surfaces become pitted with 'angular cavities and 
roughened by protruding particles of sand which are left stand-
ing in relief. Locally, the limestone is so argillaceous that it 
breaks down into clay. This · member also contains many · 
siliceous nodules! 
The Lower Davenport member.-The Lower Davenport mem-
ber, often called the Fayette breccia, is an unfossiliferous hard 
compact, fine-grained whitish limestone w~ich ~ many places, is 
brecciated. The rock hal? a conchoidal fr~cture, is filled with 
siliceous nodules and in many places occurs in massive beds. Its 
thickness together "With the Upper Davenport member is esti-
mated to range from twenty to forty feet . 
The Upper Davenport member.-TheUpper Davenport lirhe- . 
stone is a thickly bedded, .highly fossiliferous, seniicrystaUine 
rock, tough and of a gray ~olor. Brachiopod shells are so num-
erous in some parts of the member that the limestone. may be 
said to be made up partly of coquina layers. 
Distribution.-· The Wapsipinicon limestone forms the country 
rock of the region adjacent to Cedar river and occupies a arge 
part of the lake bed in Goshen, Pike and parts of Moscow and 
Wapsinonoc township. The various members belonging to the 
Wapsipihicon formation outcrop in the high bluffs along. Cedar 
.river from a point one mile north of the village of Moscow to a 
point about siX miles northwest of the village of Ro'chester. 
. " 
I 
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Other outcrops are. fonnd at various places along Bugar '.'and 
Crooked creeks. In the quarries located on the island-like .up-
land in sections 7 and 8, Moscow township, several feet of the 
Lower Davenport or Fayette breccia is exposed., 
l 
THE CEDAR VALLEY FORMA'rION. 
The Cedar Valley lim~stone.-The Cedar Valley limestone 
now considered to be of Upper Devonian age consists of a 
series of limestones which vary greatly from place to plac'e in 
color, texture, structure, ' day and fossil content. In color the 
rock var~es from a light bluish gray to dark gray, . ;White or 
yellow. ' . Texturally the limestone is hard, tough, · compact and 
fine ' grained'to sbft ·and .somewhat brittle. and argillaceous; . At 
places the layers are irregularly bedded,. compact, maSSIve and 
brecciated while elsewhere the strata occur in regular ledges cut 
15y"oblique joints: ' The beds :ate'·practically.horizontal and yet 
on close examination of elevations of similar beds at the various 
quarries along Iowa river near Iowa City, it ·is seen ·that the 
strata have a i<lipto the south of approximately .. sev~nteeb.: 
feet per mile. Locally, however, the dip may be, greater. .The 
rock, .on the whole,is very fossiliferous, being filled with the 
shells of corals and ' brachiopods, yet there are certain 'beds in 
which fossils are ' rare or absent, especially in those portions 
which are brecciated. . The Cedar Valley limestone is . known to 
nave a thickness ranging from sixty to one hundred and fifty 
feet. However, at no place in this region is its entire thickness 
. exposed. - Only fifty feet of- this f,ormation can actually be 
. see!} in the quarry faces ' along Iowa river.- ' A typical sec-
tion in the Cedar Valley limestone is t() he' seen at the Hutchison 
quarry located on the west· bank of Iowa river just opposite 
Iowa City. This quarrY'exposes approximately thitty~two feet 
of 'rock in which thirteen distinct beds can be identified. ' The 
secti6n is as follows. . . 
, . 
HUTCHISON QUARR~ SECTION, IOWA CITY 
FEET BED 
13. Limestone, gray, thinly bedded ... __ .. _ .... _ ....... _._ ........... _ .... ; ........... _ .... _.3 to 4 .• 
12. Limestone, light gray, . brecCi~ted at. places ... _ ...................... _ ...... _ .... _ ......•. 6 . ' 
11. Limestone, upper Idiostroma layer ... _ ............. ~ ........ _., ........ _ .. ,.-.... - .... - , ... _ . . 1 1/2 
10; Limestone, gray . ..................................................... : ..................... _ .. _ .. :, .. _ ...... _ ... 1 
. ' 
} 
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. 9. Limestone, light colored, with numerous lawstroma .. _ ... _ ......... : ............. _._ 1 2/3 
8. Limestone, base of the ldiostroma bed, ra1so birdseye coral ... _ .. _ .... _ .... _. 2 1/2 
7. Limestone, hard ledge, gray, with many Aoer'Vularia and other fossils .. ~" 2 2/3 
6. Limestone, upper coral reef ,.._ .. _.:. __ ... _ .. __ .. __ . __ ....... _ .......... __ .. _. 2 5/6 
5. Limestone, light coIQred, ' few fossils __ . __ :.._ ........... _._._._._ . .-:._._.:.._: 3 
4. LimestOne, hard, bluish gray, separated from No.5 by three inches of 
shale ... ~ .. _ ........ _._ ...... _ ....... _ .... _ .... _ .......... _ ...... _: ... _ .... _ .......... _ .... _ .... __ .. _ "1 1/6 
3. Limestone, bluish ... _ .. _ .. _._ .............. _ .... _ ...........•........... ..: .... _ .... _ ..... _ .......... _ .. _ 1 1/3 
2. Limestone, hard, fine grained _ .................... _ .... _ .... _ .... ___ ... _ .... _ .•• _ .... _ .... _. 2 1/3 
1. Limestone, coral reef .. : ... _ .................... : __ ._._ .. _ ...... _ .... :. ........ _ .............. _ ....... 1 
31 2/3 
Distribution.-The Cedar Valley formation is the bedrock for 
the ' southern portion of the Lake Calvin basin and underlies 
par~s of .the foll9wing townships in Muscatine county: Wapsino· 
noc, Goshen, Pike, Lake and Cedar, as well as the region 'border-
ing Iowa river in Johnson county north of the village of Hills. 
'Practically all of" the exposures are cOI}fined to the 'valley walls 
of Iowa river in Johnson county from Iowa City nOJ.lthward. 
Two 'small outliers of the liInestones· are to be found in the 
quarries of the small upland area located in sections 7'· and 8, 
Moscow township, Muscatine county, and in the bluff line three-
quarters of a mile due east of the village of Atalissa. At the 
latter locality, the rock is mostly hidden due to slump and over· 
• growth of vegetation. 
THE STATE QP"ARRY BEDS. 
in the lake basin are known as the State Quarry limestone. 
This, fo~tion, :with a thickness of forty feet, qu~rops ip. 
an area :, three~quarters of a mile by half· a mile in: extent 
along the w.est' 'valley, wall of Iowa river i~ sections 5 and 
8, ,Penn township, Johnson cOunty. The strata consists of 
g light grayish colored limestone varying in texture some-
what in the different beds. The' uppermost layers are filled 
, with the shells of numerous brachiopods, so that this rock 
may be described as a coquina limestone. ' The pores, and 
other small openings in the rock are filled with abundant calcite 
crystals. The middle beds; which furnished the building stol}e 
for the Old State Capitol of Iowa, the present Administration 
: bu~.ding ·of. :the State University, are thicko,edded, being 'as much 
/ 
" 
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as :five feet thick, are well jointed arid ate highly fossiliferous . 
. Towards the base of the exposures the beds are thinner and 
range from a few inches to one· foot in thickness: Masses of 
chert band~ are distributed irregularly throughout the forma-
tion and at places are crowded with ipibedded remains cif fish 
teeth. This formation rests unconformably on the Cedar Valley 
limestones. 
The Mississippian System.~6 
, Rocks represented.-By far the greater portion of the Lake 
Calvin basin is underlain by rocks belonging to the basal part 
of the· Mississippian system. These rocks comprise soft green-
ish shales, :fine-grained sandstones and lithographic and oolit- . 
ic limestones, all of which belong. to the KindeFhook and Osage: I 
series . . 
THE KINDERHOOK SERIES. 
The Kinderhook series may be divided into four members as 
~~~ . , . 
. {wassonVille limestone 
Kin. d . Oolitic limestone ledge erhook E l' h R' 't t 
. ng IS Iver gn s one 
. . Maple Mill. shale . . 
The Maple ¥ilr shale. member.--This member is a nonfossil-
iferous greenish gray compact shale with a soapy or greasy lus-
ter.Small pale yellow cubes of iron pyrites are distr-ibuted 
throughout the shale. The rock breaks up into small regular 
. ~homboidal blocks. Its thickness is estimated . as 180 feet. 
The English Rtver gritstone member.-The English River 
gritstone . is a soft fine~grained sandstone 'made up largely of 
angular q~artz fragq1ents of uniform size and shape. Intex-' 
calated with the sandstone are thin seams of shaly material. The 
bluish gray rock weath.ers to a dull yellow color. Near the up-
. per part of the member is a thin layer ~ which the remains of 
:fish teeth are found. ·Fossils in the form of casts occur, but not 
very ·abundantly. Abo,:e the sandstone, which has a thickness 
, 
~6 Calvin, S., Geology of Johnson County: Iowa Geol. Survey, Vol. VII, p. 79, 1897. 
Bain,' H : Foster, Geology of Washing1;on County: ' Iowa Geol. Survey, Vol. V, pp: 127-151, 
1896. Udden, J . A., Geology of Louisa County: Iowa Geol. Survey, Vol. XI, pp. 71-93, 1901. 
I OSAGE SERIES 77 
'of ten feet, is !l nne,compact grayish' nonfossiliferous litho-· 
graphic limestone from ' three to four feet thick . . This is fol-
lowed by a nonfosslliferous sandstone ve,ry similar in texture 
and compollition to the gritstone below. Its color is' soft blue 
or yellow and it is three feet thick. 
The oolitic limestone ledge. member.-This r.ock is a single 
ledge of white to yellowish limestone which is two or three feet · 
thick and is composed of small 'spherical oolj,tes imbedded in a 
matrix of calcareous material. . 'Where it is leached the ledge 
ap,Pears as ' a porous yellowish rock. Fossils are fairly abund-
ant. . 
The Wassonville limestone member.-TheWassonvllle lime-
stone varies from an earthy magnesian. to a mQderately fine-
grained limMtone which is . more or less arenaceous in places. 
TowaTd the base of the member, it occurs normally in thick 
ledges in whic4 is found a gray chert . which locally shows an 
oolitic s~ructure . . The . limestone is fossiliferous and is approxi-
mately fifteen feet thick. , 
Distribution.-As indicated elsewhere, the rocks belonging to . 
the basal part of the Mississippian system underlie the major 
portion' of the lake bed basin, From the geologic map, Plate 
VII, it may be seen that except for a small outlier of Des Moines 
sandstone located along Iowa river n'orth of Gladwin, Louisa 
county, the Kinderhook formation forms the country rock of t;he . 
. IBke bed in Louisa, Washington and Johnson comities, s'outh of 
the village of Hills, as well ·as a small portion of the southwest 
corner of Muscatine county. ' The various members of this for-
mation outcrop only along the bluffs of English river westward 
from about Kalona to Wassonville. 
THE OSAGE SERIES. 
The Lowe'r Burlington ftormation.-The Osage series is repre-
sented in the region by but one exposure of 'a buff arenaceous 
. limestone, four ~nches thick. This lower, Burlington limestonl~ . 
outcrops in the 'old railway quarry located in Washington 
. county, townshIp 77 N., range VIII W., s~ction . 16, where it 
.caps about twenty feet of the Kinderhook formation. 
" 
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The Pennsylvanian System.51 
THE DES MOINES SERIES. 
The .Des Moines ·sandstone.-The .Des Moines sandstone of 
Lower Pennsylvanian age is the youngest indurated rock forma-
tion known in the region. The rock occurs as small "isolated 
outliers occupying old pre-Pennsylvanian erosional valleys, 140. 
feet deep or thereabouts and havi:p.g a trend S. 30· E. Two of 
these sandstone outliersoutcroJ:> in the' lake bed region, one of 
these being just north of Iowa City, the other north of Gladwin 
in Louisa county. The rocks belonging to the Des Moines ' series 
consist of sandstones interbedded with layers' of snale and coal. 
The sandstone is, a light yellowish, thinly bedded, medium-
grained, iron cemented rock, rather porous and well jointed. At 
the Sanders quarry, located just north of Iowa City, where a 
thickness of twenty-six to.thirty feet of the sa~astone is exposed 
the rock is filled with numerous spheroidal limy concretions and 
with nodules of iron :pyrit~s: The sandstone is interb"edded 
with thin bedded layers of bluish black ' shales which differ iIi 
thickness 'from several inches to several feet. At places '. the 
shale beds are more numerous toward the top of the formation .. 
Layers of coat, one-hal! inch to a few inches thick, are reported 
from both localities. 'In general th.e Des Moines. sandstone and 
shale lie in horizontal beds. Locally, h'owever, the sandstone and 
shale, as seen 'in North and South Sanders creek nqrth of Iowa 
City, dip at 'an angle of, five degrees in a direction N. 40· E·. The 
. formation rests unconfor.mably on the Cedar Valley limes'tone. 
History . of the Indurated Rock Formations. 
The history of the indurat~d, rock formations or of the pre-
~leistocene geologic history of the Lake Calvin basin is recorded 
in the belted series of the rock formations which are 'found cross-
ing the region in more or less ,roughly parallel bands having a 
northwest to southeast trend as is sliown on Plate VII. This 
belted arra:p.gement is due to. the fact that after the strata had 
been formed, diastrophism s~t in, resulting in a slight tilting of 
the beds in a southwesterly direction. I 
. , 
57 ' Calvin, S" ·Geology of Johnson County: Iowa Geol. Survey, Vol. VII, ' pp. 79'83, 1897'. 
'Udden, 'J . A ., Geology of Muscatine County : Iowa Geol. Survey, Vol. IX, ' pp. 303·317; 1899. 
Bain, H : Foster, Geology of Washington County : Iowa Geol. Survey, Vol. V, pp. 151·152, 
1896. Udden, J. A., Geotogy of Louisa County: Iowa Geol. Survey, Vol. IX, pp. 93·95, 1901. 
( 
\ 
. J 
r 
HISTORY OF ROCK FO~~IONS 79 
Th~ oldest rocks outcropping in the' area' under discussion 'are: 
exposed along Cedar river and belong to the Gower limestone 
formation of Middle Silurian age. . The history of the region~ 
however, does not commence with these oldest outcropping stra-
ta for lying north of the area are found still older rocks of Ordo- ,-
vician and CamBrian times and deep well records5;8 reveal ' the' 
presence of quartzite and ~lat.e which are believed to correspond 
in age to the Sioux quartzite of northwestern Iowa and to the 
Baraboo quartzite ' found in south-centFal Wisconsin" which 
rocks are considered 'to be Upper Huronian~9 in age. 
The early history of the regio9- seems to be as follows: A 
vast shallow sea extended over northeastern Iowa in which 
horizontal beds of sa~d and clay were deposited. ' The ' source' 
of the material probal)ly was the old unsubmerged igneous land 
mass in northern Wisconsin, Minnesota and Canada. After the 
sand deposited. in this sea was finally converted into sandstone 
and later changed to quartzite, folding and uplifting occurred, 
resulting in a tilting of the beds to the ' southwest at an angle 
varying from three to seven degrees.6o From other localities it 
is known that the new~y e,levated land surface underwent a long 
period of erosion, but that finally submergence again set in. The 
best evidence from well records seems to show that this submer-
gence resulted in 'a widespread epicontinental sea in which sand- \ 
stone and smaller amounts of limestone were deposited. The 
total thickness of these Cambrian ' deposits is as much ' as 'a 
thousand feet,61 which indicates a long uninterrupted period of 
sedimentation. 
This period of sandstone formation at last gave way to one 
during which calcareous and magnesian materials were the' chief 
sediments 'deposited, for overlying conformably' the ' Jordan 
sandstone, the upper one hundred feet or so of the Cambrian 
. . " 
58, Norton, W, R.: Underground Water ' ReMurces of Iowa: U. S. Ge~l. ' Survey: ~~ter 
Supply Paper 293" Plates X and XI, pp, 293, 375, 447, 1912 ; Iowa Geol. Survey, Vol. XXI, 
Plates X and XI, pp. 68, 70. 450, 542, i912; Thickness of the Paleozoic Strata of North: ' 
easte,rn Iowa: ·Iowa Geol. Survey, Vol. III, pp. 196, 197, 199, 1893 . 
• 59 Norton, W. R., Underground Water Resources of , Iowa: U .. S. : Geol. Survey, Water 
S)lpply , Paper 293, . pp. 61-63, ,374-375, 447 and 449, 1912. , 
, 60 Beyer , S. W:, Sioux Quartzite 'and Certain Associated Rocks: Iowa Geol. Survey, Vol. 
VI, p. 75, 1896. ': •. ' . , . " " " :, 
61 'Norton and Others, Underground Water Resources of Iowa, U. S. Geol. Surtey, Water 
Supply P aper 293, p. 63, 1\11:&. ' 
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system, rests the P:rairie du ,Qhien formation consisting of the 
Oneota, N f?-W Richmond and Shakopee members. . After about 
250 to 300 feet of these sediments had been deposited, the sea 
withqrew and ,a great period of erosion .at once set in, resulting 
. ' .' I 
ill an ahnost complete removal at several places of the last 
formed group of strata.62 The next formation' to be laid down ' 
was the St. Peter sandstone, which has 'been belieyed by many ' 
to be of eolian origrn,63 but which now appears to be of marine 
d~rivation as pelecypods have recently been discovered in these 
. strata at .Minneapolis, Minnesota. The period of sedimenta-
tiondid not .stop with the St. Peter, but continued right on until 
at lea~t about 400 feet of the PI~tteville limestone, Decorah shale 
. and Galena dolomite had been laid down. Sedimentation then 
ceased for a while and erosion was the dominant process iIi 
operation. Soon, however, the sea eJlcroached on t:p.e land 
again arid the Maquoketa shale, with a thickne:;;s of 150 feet, was 
deposited. . 
As .has , been shown by -Savage64 seas covered northeastern 
Iow.a during Silur'ian time. However, by far the greater part 
of the Silurian strata found in Iowa and in the region. under dis-
cussion is of Niagaran or Middle Silurian age. As is indicated 
elsewhere, the rocks belonging to this age ' are ' the' oldest strata 
exposed at the ' surface in the Lake Calvin basin. These rocks 
. \ 
outcrop . along' Cedar river north of the village of Rochester in 
Cedar county. ' In all about 120 feet of Silurian sediments was 
laid down in the region. 
, As may be inferred from the typical' Silurian section of . New 
York,65 the Upp~r Silurian is missing in Iowa and in this region. 
This fact gives rise to two alternative views: namely, that Iowa 
was land during· Upper Silurian and 'Lower Devonian times, as 
s'eems to be indicated by the unconformity between the rocks 
of those two .ages in northeastern Iowa; or that if the Cayugall, 
Helderbergian and Oriskanian seas did extend over the region 
62 Tro~vbridge. A. C., Tile Prairie Du ' Chlen·St. 'Pete'r Unconfonnity in Iowa: Proc. · Iowa 
Acad. SCIence. Vol. XXIV, pp. 177·182, 1917. 
63 Tr()wbridge, A. C., The Origin of the St. Peter Sandstone: Proc. Iowa Acad. Sci., Vol. 
XXIV, pp. 171'175, 191,7. f:)ardeson , F. W., Minn. Acad. Nat'l Sci., Vol. IV, ,»p. 64'87, 1896. 
U. S. ~eol. Survey, Foho No. 201, 1916. Dake, C. L., The Problem ()f the St. Peter Sand. 
stone : Bull. School of Mines, Univ. Mo., Vol. 6, No. 1, Aug.; 1921, pp. 210-216. 
64 Savage, Th()ID&s E., Geological Map of Iowa, 1905. 
65 Chamberlin: and Salisbury, . Introduct .. ory Geology, p. 888 .. 
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those sediments we;re' all removed before the Middle Devonian ' 
seas spread out over Iowa. 
I CLASSIFICATION OF THE NEW YORK AND IOWA SILURIAN ' 
, SERIES NEW YORK IOWA " 
- -
' Manlius limestone 
Cayugan 
Silurian) 
Rondout .waterlime 
(Upper Cobleskill limestone 
Salina beds 
Guelph dolomite· Gower dolomite 
Anamosa dolomite 
Niagaran Le Claire limestone 
(Middle Silurian) Lockport limestone Hopkinton dolomite 
Rochester shale 
Clinton beds 
Medina sandstone' Waucoma limestone 
Oswegan Oneida conglomerate Winston limestone 
(Lower Silurian) (and perhaps the , 
Richmond beds) 
It is known that the ,Upper and Lower Silurian seas were re-
,stricted, whereas the Middle Silurian' sea was 'w,idespread in 
America. This fact indicates also that there w:ere shifting 
. shore lines and that Iowa may well have been ~and during Upper 
Silurian time.s. ' , , 
Resting unconformably .on the Niagaran, thus indicating an 
erosional interval, lie the Wapsipinicon and Cedar Valley strata 
of Middle and Upper Devonian age. The rocks of these two 
formations are mainly limestones a,nd attain a thickness of about 
400 feet. ,The 'Wapsipinicon and Cedar Valley seas were teem-
ing with ,life as is now testified by a large n mber -of marine 
fossils found in the limestone. After about 4bo feet or these 
sediments had been 'deposited, the sea withdrew and exposed the , 
newly nui<je surface to the elements of weathering and erosion. 
A long period of erosion seems to have taken place bef-ore the 
sea encroached ' again upon the land, for the State Quarry beds ' 
lie unconformably upon the deeply eroded surface of the Cedar 
Valley limestone. Conditions for marine life were exceptional-
ly favorable during the State Quarry stage, for many of the 
State Quarry beds are practically coquina. Not 'only was the 
sea inhabited by corals and brachiopods s~ilar to those of 
the previous seas, but also by thousands ' of fishes which, due to 
some unknown cause, suffered a sudd~n extinctio,n as is now in-
I • 
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dicat.ed by the fact that the cherty limestone beds of this forma-
. .tion arecrowded .with their teeth remains. How long this sea ' 
remained in the area :can not l;>e. ascertained; however, suffice it 
to say that it remained sufficiently long fo~ the deposition of at 
least fotty feet of limestone. 
The Devonian seas were followed by the invasion of the Mis-
sissippian sea which, judging from the thickness of the 'Missis-
sippi~n system ' of rocks, about 500 feet, covered the region for 
a considerable length of: time. Practically the entire sequence 
of :Mlississippian rocks is represented in Iowa; although the old-
est formation, the Kinderhook, is the ocly one of these which 
aids in forming the bedrock of the Lak~ Calvin basin. That the 
Kinderhook sea extended farther north than is shown on 'the 
. . 
geologioal map, Plate VII, is shown 'by the small .outliers of . 
what were formerly known as the Sweetland Creek shale . in 
M~scatine county near the ci~y' of Muscatine. These Sweetland 
Creek shales were formerly classified· as Devonian on the basis ~ 
of the fish t~eth contained in them, since these are siinilar to 
those in the State Quarry beds. ' The fish whose remains are now 
found in"the Swe'etland Cheek shales, nowever, are now known . 
. I . • 
to have lived in the Kinderhook seas and accordingly the strata 
are correlated With the Kinderhook. Sedimentation continued 
for some time, as severai of' the 'young~r Mississippian forma-
tio9-s are known . to exist and to outcrop a little south o~ . the 
southern border of the lake site. 
. ' , 
After about 500 feet of sandstone, limestone and shale had 
.been laid down, the sea again withdrew and erosion became 
active. Erosion seems to have progressed to a rather advanced 
stage as is indicated by the Iowa City and Louisa county. sand-
stone outiiers' of Des Moines age, which occupy valleys in the 
Cedar Valley limestone which had been excavated to ' a depth of. 
about 140 feet. Thus it appears that the region was deeply dis- ' 
. sected before it was submerged beneath the Des Moines sea. Jt 
has been generally believed that this last submergence ,was in the 
nature of a shallow ana: restricted body 'of water occupying 
valleys .rather than covering wide areas. The evidence for thi,s 
belief . seems to lie in the fact that wherever the Des Moines 
. sandstone and shale is found, it is occupying valleys rather than 
. , . 
\ 
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high places. The Des Moines sea undoubtedly oscillated from 
.. time to time, as is shown by the interbedding of coal seams of . 
nonmarine origin with the marine sandstone and shale. Finally 
the sea withdrew entirely and exposed the new surface, which 
seems never to have been submerged again. Whether: younger 
deposits were laid down is not certain. If so, not only were 
they eroded away before Pleistocene time, but so also were prac-
tically all of the Pennsylvanian formations, excepting the few 
patches preserved in the valley north of Iowa City and the ·ones 
in Louisa and Muscatine countie,s. These patches of sandstone 
and shale were preserved because they occupied low places or 
. valleys and hence were thus protected from er~sion. 
The ·finding of undoubted Cretaceous fo~sils66 in the drift at 
various plac~s, as at Iowa City, Mount Vernon, . Cedar Rapids, 
Des Moines and .Waterloo, has suggested to some the probability 
thatthe parent rock from which· these fossils have been derived 
. was not very far removed. ' Th~ finding of a perfect · slender 
belemnite61 deeply buried in a clay seems to have lstrengthened 
the idea that the fossil must have been near to its original home, 
as it is believed that such a slender specimen could not have sus-
tained transportation for a long distance without being shat-
tered. Udden68 also described two .small deposits in Muscatine 
county, named the Pine Creek .conglomerate, which he states 
may either belong to the Lafayette formation or be of Cretace-
ous ags. Trowbridge, how~ver, is· of the opinion that these de-
posits are Aftonian.69 . Schuchert,ro on the other hand, on his ex-
celle~t maps of North American Paleogeography: d es not ex-
tend the Cretaceous se·as as far eastward as the Lake Calvin 
basin. 
Subglacial Topography. 
It :matters iittle whether· or not the Mesozoic seas inundated " 
the region here discussed. The fact remains that before the 
66 Keyes, Charles R., Eastern Extension of the Cretaceous in Iowa: Proc. Iowa Acad. Sci· 
ence, Vol. I, pt •. II, p. 21, 1890, 1891. 
61 Norton, W. H., Geology of .Linn County: Iowa Geol. Survey, Vol. IV, p . 168, 1894. 
White, C. A., Geology of Iowa, Vol. I , p . 98, 1870. . 
68 Udden, J. A., Geology of Mllscatine County: Iowa Geol. Survey, Vol. IX, pp. 303·316, 
1~~ .. . 
69 Personal Comm)lnication . . 
10 Schuchert, C., Paleogeography of North Xnlerica : Bull. Geol. Soc. America, Vol. XX, 
pp. 94 and 95, 1908. 
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advent of the. great continental ice sheets, .at least before the 
Kansan ice invasion, eastern Iowa had,been deeply dissected and 
probably presented a to.pography quite similar to that found in 
the famous Driftless :Area of southern Wisconsin, and in the · 
adjoining states of Minnesota, Illinois and Iowa. . 
A study of well records and outcrops of the indurated strata 
in the lake basin and iIi the surrounding countiel:? of southeastern 
, Iowa shows that the subglacial topography has a relie.f of 300 
feet 'or so, and also discloses the presence of nume:-ous large 
. . rock-cut channels which probably formed a drainage system of 
. greater magnitude than now ex~sts in the reg~on. 
As has b'een s:Q.own -by Leigh~on,71 Calvin72 and Thomas7s the 
bedrock surface beneath the ·drift· covering in Johnson' county 
has marked irregularities. "Oyer an irregular area in the cen-
tral, northern and nor~heastern parts, and along th~ the extreme 
southern border' of the, county; bedrock is high, but between ' 
~hese two areas thl:lre is "a northwest-southeast belt in which the 
bedrock surface- is ' low.' '74. The .relief of the country was at 
l~ast over 250 feet, for the. highland bedrock surface has an av-
erage elevation of about 7QO feet above sea level and in the low-
land, district bedrock is as low as 460 feet above sea level. This 
northwest-southeast trending lowland with a width of at least 
eleven mil~s crosses the Iowa river arm of the Lake .CalVin ba-
. sin south of Iowa City. ~'The north wall of the buried valley · 
follows more or less closely tIie boundary between the Devonian 
, and Mississippian formations.' 175 . This !lncient valley undoubt-
edly extends diagonally across the northern .portion of Louisa 
county and continues along the lowland underlying the Iow-a-
, Cedar 'river ' valley of today, until it joins the ancient valley of 
the. Mississippi. . 
Udden76 has shown ' that ' the subglacial s:urface under the. 
/' / 71 Leighton, Morris M., The Pleistocene History of low .. River V .. Uey, North .. nd West of 
low .. City in Johnson County: low .. Geol. Survey, Vol. XXV (1914), pp. 110'112, 1916. 
72 C .. lvin, S., Geology of Johnson County: low .. Geol. Survey, Vol. VII, pp. 48, 90·91, 
1~~ . 
73 Thomas, A'. 0 ., Underground Water Resources of Iowa: Iowa' Geol. Survey, Vol. XXI" 
p . 505, 1912. U. S. Geol. Survey, Water Supply Paper No. 293, p. 420, 1912. ' 
74. Leighton, Morris M ., The ',Pleistocene His~ory of Iowa River Valley, North and West 
of I_owa City in ' Johnson County: Iowa Geol. Jilurvey, Vol; XXV (1914), p. ,111, 1916. 
7 5 Idem, p. 111. , . . 
76 Udden, J. A., Geology of Muscatine. County : Iowa Geol. Survey, Vol. .XI, pp. 326', 327, 
and plate VII, 1899. ' 
, " 
, . 
'. 
PREGLACIAL RIVER OHANNELS 85 
West Liberty Plain ' (the lowland ar~a bordering Cedar river in 
Muscatine county) was low and that the valley now occupied by 
Mud creek lies over a buried valley. , The region to the north 
of the lake bed app~ars to have been an upland. This ancient 
valley 'connected with the one to th~ south just described. There 
is a pos'sibility also- that the Washipgton channeF1 may have 
joined this general lowland area somewhere jn the vicinity of 
Columbus Junction. The Washington channel, to which Bain1& 
and Calviri19 have called atte~tion, ' extends di~gonally a;cross 
Washington county in a northwest-southeast direction, passing 
beneath the city of Washington.' This ancient buried valley, 
as )VeIl as }he one in Poweshiek county at Deep River,80· may 
have some connection with the large buried valley, underlying , 
the famous Bell~ Plain artesianB1 , basin which extends iIi a 
northwest-southeast dir'ection through Tama, southwest Benton 
\ 
. and n'orthwest Iowa counties. In the northeast, the West Liber-
ty subglacial lowland was joined by an ancient valley thought by 
Carman,82 Norton,ssUddEm84 and Leverett85 to be the, probable 
. course of a preglacial Mlississippi river. It is evident that the 
present course of MissIssippi river between Princeton on the 
north and Muscatine on the south is of much more recent date 
than are portions of the river to the north and south of the two 
J71entioned cities.s6 It has been suggested81 that the preglacial 
11 Norton, W, R., Underground Water Resources of Iowa: Iowa Geol. Survey, Vol. XXI. 
p. 696, 1912 ; U. S. Geol. Survey, Water Supply, Paper No. 293, p . 575, 1912. 
'18 Ba;'" , R. Foster, Pr'egiacial Elevation of Iowa: Proc. Iowa Acad, Science, Vol. II, p. 
, 23 , 1895; Geology of Washington County: Iowa Geol. Survey, VQI. V, pp. 159, 160, and 
fig . 9, 1896., Norton, W. R ., Underground Water Resources of Iowa: Iowa Geol. ' Survey. 
Vol. XXI, p. 740, 1912. U. S. ~ol. Survey; Water Supply Paper No. 293, p . 611, 1912. 
79 Calvin, S., Notes on the Formations passed through in boring the deep well at .. Wash-
ington, Iowa: Amer. Geologist, Vol. I, pp. 28-31, 1888. 
80 Bain, R. Foster, Geology of Washington County: Iowa Geol. Survey, Vol. V, p. 160, 
1896. Stookey, S. W., Geology of Poweshiek County: Iowa Geol. Survey, Vol. XX, pp_ 
253, 254, 260, 265,267, 1909. ' , 
81 Mosnat, R. R., Report on the Artesian Wells of the Belle Plain Area : Iowa Geol. Sur-
vey, ' Vol. IX, pp. 530-543, 1899. Stookey, S. W., Geology of Iowa County : Iowa Gaol. 
Survey, Vol. XX, p . 179, 1910; Call, R. E ., Jowa Artesian Wells: Iowa Weather and Crop 
Service, Vol. III, \P. 4, March, 1892. ' ._ 
82 C&1'IHan, J . Ernest, The Mississippi Valley Between Savanna and , Davenport : Illinois 
Geol. Survey, Bull. 13, pp. 58, 62 ' and 63, 1909. 
' 8S Norton, W. R ., Geology of Scott County : Iowa Geol. Survey, Vol. IX, pp. 413·415, 492-
493, ;1.899. 
84 Udden, J. A., Geology of ¥us,catine County: Iowa Geol. Survey, Vol. IX, p. 327; 1899; 
, 85 'Leverett, Frank, ~h'; Illinois Glacial t1~be: 'U. S. Geoi. Survey, Monograph XXXVIII. , 
pp. 462-467, 1899. 
,'8~ ' Carmen, J . Ernest, The Mississippi, Valley Between Savanna and Davenport: Illinois 
Geol. Survey, Bull. 13, p . 58, 1909. 
81 Carman, Idem, p . 58. 
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valley of this mighty, river extended' up the Wapsipinicon river 
valley to the mouth ofMuq creek from which place it extended 
roughly parallel to Mud creeI.r in a' southwest direction as far as 
Durant. That portion' of the channel from the Wapsipinicon, 
river to Durant has been called by Norton the Cleona channel. a8 
Although the channel follows in a general way the course of 
' Mud creek, it deviates at places from two to three miles to the 
south and to the east of it. Bedrock is not reached at 450 feet 
above sea level and ',' one well three miles north of Durant on 
the divide between Mud and Elkhorn creek~ does not reach rock 
at 400 feet above sea leveP', 89 Well records sho'Y that the bluff~ 
of the valley were rather steep,as the elevation of the rock sur-
face has been found to differ as much as 250 feet within a mile. 
Several smaller tributaries of the Cleona channel ,have been 
mapped. ' From Durant the preglacial valley extends in a gen-
eral direction past Wilton until it finally joins the lowland un-
derlying the West Liberty Plain. It is not certain whether'this 
ancient Mississippi entered the subglacial valley occupied by the 
present Mississippi river by way of a channel immediately 
south of the city or Muscatine or whether it pursued a course 
southward and finaliy followed the Iowa-Cedar river valley to 
the site, of the buried valley at the debouchure of Iowa-Cedar 
river into the present Misslssippi.90 , 
~nother large ch::i,nnel whi~h undoubtedly was 'a tributary to 
the,Cleona river is the Stanwood channel91 whose course has been 
mapped and outlined by Norton. This ancient river flowed by 
Stanwood, Cedar county, then took a southerly direction, pass- ' 
ing east of Tipton and flowing finally along the east side of the 
present Sugar creek valley. ' About two and one-half mile 
north of Lime City it turned southel:!:st and near Durant joined 
88 Carman. Idem, p. 58. Norton, W. H .,_ Geology of Cedar County: Iowa Geol. S";'rvey, 
Vol. XI, p . 299, 1901 ; GeolOgy of Scott County : Iowa Geol. ,Survey, Vol. IX, p. 493, 1899; 
Underground Water Resources, of Iowa: U. S. Geol. Survey, Water Supply Paper 293, pp, 
488-490, and fig_ 5, 1912; Iowa Geol. S~rvey, Vol. XXI, pp. 587 and 588, and fig. 51- 1912. 
89 Carman, Idem, pp. 58 and 59. 
90 Carman, Idem, 'p. 58, and fig. 22. Le~erett, F ., The Illinois Glacial Lobe : U. S. Geol. 
Survey, Monograph XXXVIII, pp. 466 and 467, 1899. " 
91 'Norton, W. H_, Geology of Cedar County: / Iowa ' Geol: Survey, Vol. XI, pp. 297~SOO, 
and fig. 17, 1901; Underground Water Resources of Iowa, U. S. G60I. Survey, Water Supply 
Paper 293, pp. 368-370, and fig. 4, 1912; Iowa Geol. Survey, Vol. XXI, pp. 441-443, and ' 
fig. 4, 1912. _ ' . " " 
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. \ 
the Cleona channel. "Measured from crest to crest, its width 
is at least seven miles at Tipton. n92 
On the west ' side, the West J;i1>erty lowland area may have re-
ceived a tr~butary by way of the 'Q.pper Wapsinonoc valley. A 
buried channel has been 'discovered a little west of Downey 
where it lies deeply hidden under the drift covering.98 This chan-
nel probably connects with ' the one lying in the upper northeast 
corner of Johnson county, between Solon and the present Cedar 
river.9~ , , 
The above described channels undoubtedly all formed part of 
the vast drainage system of which the master 'stream probably 
was the preglacial Mississippi river. It has been sufficiently 
established that the present Mississippi river is at various 
places occupying ~ valley other than that of its own making. 
Gordon95 and Leverett96 have shown that the supglacial valley 
is much large~ than the present one, whose average width is six 
miles and whose depth is 150 feet as compared to the width of 
,six to fifteen miles and the depth of 250 feet of the former val-
ley. . Between Keokuk and Montrose the present valley of Mis-
sissippi river is comparatively recent. North of Montrose to 
.Muscatine the. river is occupying the ancient valley. From 
Muscatine to Princeton the river is again in a newly cut valley 
and from the latter city up to St. Paul, Minnesota, the mighty 
'Father of Waters is occupying the anCient valley.91 ' 
Such is the surface of the Lake Calvin region . beneath the 
thick covering of drift. Because it has been invadedby glaciers 
several times, the former highly dissected and rough topography 
'is now everywhere obliterated and the surface has ' been made 
relatively smooth by a thick mantle of unconsolidated drift ma-
t~rials which are described in the following chapter. 
9 2 Norton, W. R ., Geology of Cedar County: Iowa Geol. Survey, vol. XI, p. 299, 1901. 98 Udden, J. A., Geology of Muscatine County: Iowa Geol. Survey, Vol. IX, p. 826, and 
plate VII, 1898. CalYin, S., Geology .of Johnson County: Iowa Geol. Survey, . Vol. VII, p. 
91, 1897. Norton, ' W. H.; Geology of . Cedar County: Iowa Geol. Survey, Vol. XI, pp. 297 
and 298, 1901. ' 
94 Calvin, S., Geology of Johnson County: Iowa Gool. Survey, Vol. VU, PP. 90 and 91. 
1~~ , 
, 9G Gordon, C. R., Buried River Channels in Southeastern Iowa: Iowa Geol. Survey, Vol. 
III, pp. 244·249, 1895. . 96 Leverett, F ., The Lower Rapids of the Mi~sissippi River: Proc. Iowa Acad. Science, 
• Vol. VI, pp. 74-93, 1899'; Preglacial Valleys of the Mississippi and its Tributaries: Journal 
ef Geology, Vol. III, pp. 740'763, 1895 ; The Lower Rapids of the Mississippi River: Jour-
' nal of Geology, Vol. VIt, pp: 1-22, 1899 ; Old Channels of the Mississippi in Southeastern 
Iowa : Annals of Iowa Historical Quarterly,. (8) Vol. V, ' pp. 38·51, 1901; Illinois Glacial 
Lobe: U. S. Geo!. Survey, Monograph XXXVIII, pp. 460-477, 1899. 91 For a list of the more important contributions dealing with , the drainage probleni ' of 
Mississippi river, the . reader is r eferred to Appendix A. 
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CIHAPTER IV. 
THE,PLEISTOOENE DEPOSl'l'S OF THE LA~E OALVIN REGION. 
. .. . 
.All the five great continental ice ' incursions ,now recognized 
in North America are repr.esented, directly. . or indirectly, in the 
Lalre Calvin region. ," 
CLASSIFICATION OF THE PLEISTOCENE DEPOSITS IN IOWA.9S 
. . 
9. Wisconsin drift (of the Des Moin~s lobe) ' 
8. (b) Peorian soil and weathered zone . (of Leverett) at top 
of loess and beneath Wiscon'sin drift. 
(a) Mn.m deposit of loess. ' 
7; Iowa~ , drift (of Iowa geologists) 99 , 
6. S'angamon soii, vegetal deposits and weathered zone (of 
Leverett) (including super-illirlOian "gumbo", or "gumbo-
til" of Kay) at top of illinoian drift and beneath loess. 
5. ' Illinoiari drift (of Leverett) , 
4. Yarmouth soil, vegetal deposits, and .weathered zone (of 
f Leverett) (including super-Kansan ,"gumbo, " or "gumbo-
til" of Kay) at top of the Kansan drift; also Buchanan 
gravel (of Iowa geologisfs) beneath Iowan drift , and loess. 
, , \ 
3. Kansan drift (of Iowa geologists) 
2. ' Aftonian gravels, vegetal deposits; soil and weathered zone 
(of Chamberlin) (including super-Nebraskan "gumbo" or 
" ~gumbotil" of Kay) at top of Nebraskan drift. . 
1. Nebraskan drift (of Iowa geologists) ,(pre-Kansan or sub- , 
Aftonian of Chamberlin) 
The Nebraskan Drift. 
Distribution~-In view of the fact that the region was visited 
98 AldEln, Wm. c., &nd ' Leighton, Morris M., The Iow&n Drift, A Review of the Evidences , 
of the Iowan Stage of Glaciation: Iowa Geo!. Survey, Vol. XXVI, Ann. Rep't, 1915, p. 57, 
, 1917. 
99 The Iow&n stage of glaciation has now b'een fully established by Alden and Leighton, 
see previpus reference, pp. 49·212. 
EXPOSURES OF NEBRASKAN DRIFT 89 
by more than one ice s,heet, exposures of the oldest drift called 
the Nebraskan, su1;>-Aftonian or pre-Kansan, are extremely rare • 
. Practically .everywhere a thick mantle ot younger drift masks 
' th~ older and 'only at a very few places, as along ' the base of 
st~ep slopes and along stream courses, does the Nebraskan drift 
I come to the surface. Its presence over widespread areas seeins 
to be revealed, however, by the reco'rds of numerous wells scat-
tered over the region . 
. Exposures of the pre-KansaR drift in the lake, basin or the 
region surr'ounding it have been described by U dden in his Lou- " 
. isa County report.100 · H~wever, when it is remembered that the 
_ earlier investigators did not know of gumbotil or use it to dif- ' 
ferentiate one drift from another but based their partition on 
color, t~xture alld petrographic content ' of the deposits and on 
intervening stratified sands and gravElls, it remains an open 
question whether the described drifts can be proved definitely 
to' b~ Nebraskan. Some of Udden's exposures listed below 
were seen by the Writer but in only two cases (lOaI).d '11) does 
the writer feel confident that the drift belongs to the qldest 
stage of glaciation. The drift in the other outcrops may be 
I . 
either Nebraskan or Kansan. . . , . 
EXPOSURES OF NEBRASKAN DRIFT CITED BY UDDEN.101 
" / 
. 1. On the right bank pf Honey creek near the south line of 
8ec.·21, Tp. 73 N., R. III W. . 
2. On the south· bank of Smith creek near the center of the See 
. % of Sec. 35, Tp. 73 N., R. III W. . 
3. In the southwest bank of Smith creek near the southeast 
. corner of Sec. 30, Tp. 73 N., R. II W. ' 
4. II). the south bank of Long creek near the center of Sec. 22, 
. , Tp: 74.N., R. IV W. , . 
5. In the bank of the Muscatine North and South railroad cut, 
in the east bh:rff of Iowa river, 'in the Se~ % of Sec.9, Tp . . 74 
N., R. IIIW. 
6. On the west"liank of Iowa river ,at Wapello. 
100 Udden. J. A., G:eology of Louisa County: IO~'a Geol. Suriey. Vol. XI. pp. 55-126. 1901. 
101 Idem, pp. lOa and 104 . 
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7. On the west bank of Iowa river one mile north of Columbus 
Junction and farther' north. . .. 
8; In the west bank of Cedar river two miles north of Colum-
bus Junction. . 
I 9. In the railroad cuts in the bluffs of Mississippi river in Sec. 
2, Tp. 75 N., R. III W. 
10. Foot of the west bluff of Iowa river, along· the wagon road 
in the Se. % of Sec. 21, Tp. 16 N., R. V W. 
11. East bank. of the Iowa, on. both sides. of the north line of 
Sec. 16, Tp. 76 N., R. V W. 
FIG. 7.-Relations of strata of drift seen on the south side of the road leading down the 
Iowa river bluff in the Se. ~ .of sec. 21, Tp. 76 N., R. V . W . a Black, tough, 
leached silty soil (top of Nebraskan till !) ; b tougJl- bowlder clay with ferruginous 
joints, yellow' above, grayish blue below (Kansan); c somewhat stratified and sandy, 
yellow till; It leached horizon (Sangamon ; e loess. (After Udden.) 
Udden, in describing the Nebraskan,makes the following state-
ment regarding locality 10 and presents the figure (Fig. ' 7) 
given below. "In one instance there seems to be a soil horizon.on 
• its upper suriace. 11102 At the time of the writer's visit to the ex-
posure, a, the black tough soil horizon, was not seen, due to' 
heavy slump. Howev.er, b, c, d, and e were ·visible and .d proved 
to be a typical gUmboW. . Because of its topographic position 
. . 
and elevation, about 640 feet above sea level, the writer believes 
the gumbotil to be superjNebraskan and the tm beneath, Nebra~­
kan. Two miles both north and south of this exposure undoubt-
ed Kansan gumbotil is found at 710 feet. Urness the present . 
conception of the origin of t~e gumbotil is erroneous, no such big· 
102 Idem, p . . 104, and fig. 8. 
( 
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difference in elevation in the same gumbotil within such a shori 
. . 
distance is permissible. The only outcrops of' the Nebraskan 
drift in Muscatine county are found in the vicinity of Musca-
tine. No exposure of the oldest drift in Cedar county is re-
ported although wells sunk over the .Stanwood channel pene-
trate it.lOS Exposures of the pre-Kansan drift were not 'known 
to occur in J ohnsO"n county until 1916 when the writer discov-
, ered along the bluff line 9f the extinct lake. a 'true gumbotil ly-
ing between two drifts. This gum'Qotil and the drifts a!1e ex-
posed in two road cuts, separated. oy about four-tenths of a 
mile: Midway between the two outcrops and at approxi:in~tely 
the same elevation,. the presence of the gumbotil is indicated by , 
a strong flowing spring. As the upper drift is undoubted Kan-
san, the lower must be the Nebraskan. !The two expo~ures ' are 
in West Lucas . township in the southeast quarter of section 33. 
The first outcrop is the W~f?t bank of the cut along the road 
where it descends fr.om. the upland to the lowland ·in the extremr 
southeast corner of the section. The other exposure is four-
tenths of a mile to the northwest of the first exposure. A third 
outcrop of, what seems to be Nebraskan drift was d~scovered by 
the writer ' in the north bank , of Davis creek, in the extreme 
southwest Gorner of section ' 36, Iowa township, Washington 
county. This till, which is dark, dense and bluish, is separated 
from' a light pebbly fresh brown till by about twenty feet of high-
ly oxidized and leached stratified sands and gravels which the 
writer believes to have been weathered during the interglacial 
interval separating the Nebraskan from the K:ansan stage- of 
glaciation.10' This exposure ,lies 640 feet above sea level or ap-
proximately ten feet lower than the super-Nebraskan gumbotil in 
, J ohnsqn county. Because of its stratigraphic position and its ' 
close proximity either to the leached and 'oxidized sands and ' 
gravels in Washington county · or to the super-Nebraskan 
gumbotil in ',J ohnson county, the drift seen at the fci1lowing , 
.. places may be, mentioned as ,Probably being Nebraskan.' . 
1. Johnson connty, Liberty township, section 27, Ne. ~, west 
river bank. ' 
103 Norton, W. H .• Geology of Cedar 'County: Iowa Geol. Survey, Vol. XI, p . 344, 1901. 
. 10' Schoe:we, FiN. H., The Interpretation ' of Certain Leached Gravel Deposits in Louisa and 
.washirigt~n Counties, Iowa: Pr~c . . Iowa Acad. flcience. Vol. XXVI. pp. 893·898. 1919. 
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2. Johnson county, ]~remont towns~ip" section 24, Sw. 1;4', 
'east river bank. • 
3. 'Johnson county, Fremont township, section 25, Se. 1;4" , 
west part, east river b~nk. . ' 
4. Johnson county; Pleasant Valley township, s.ectian 23, 
N e. 1;4, northwest part, east river bank. 
5. Washington county, Iowa township, sectiori ~3, Nw. 1;4, 
northeast part, west bank of river. ' 
6. Ijouisa county; Union toWnshiP.' section 6, ' northcentral 
part, south bank. " ., , 
7. East . bank of Iowa river on both sides of the north 
line of section 16,' Tp. 76 N:., R; V 'W. (Udden's expo-
sure 11, see page 90.) , 
, Character of the Drift.-The Nebraskan till in its un· 
weathered state consists' of a hard, dark brownish to blue-
black, calcareous, compact, joint GI~y, which contains at places 
many fragments ~f w90d. Th_e till , breaks 'into small angular 
to rhomboidal blocks. Where this till has been seen, most of 
'the pebbles which are scattered thr~ughout its mass are small 
and cobbles or bowlders are relatively few. At exposure 7 
above, or , li of Udden's outcrops, the clay appears to be 
without pebbles and finely laminated. Numerous cobbles and 
bowlders of all. 'descriptions and sizes are to be found lying 
on' the surface of the till, which in most cases ' forms' a sort 
of bench. Many o'f these stones are striated and a. farge 
nurube'r of the , granitic type are thoroughly disintegrated and 
break into. thousands of pieces when stepped ' on. It is also 
noticeable that wherever these ' cobbles and bowlders occur, an 
unusual proportion 'of them are flattish or' slablike. 
. The weath~red 'phase of the pre-Kansan drift has been 
oxidized to a broWnish color. , It is not as compact as the un-' 
weathered phase and apparently does riot : differ from · the 
weathered phase of any of the younger drift sheets. Accord-
ing to' Udden, the Nebraskan drift "contains . about ' twice 
as many fragments of local rocks "105 such as the Kinderhook ' 
and Burlington formations, ' a~ do other drifts. Also accord-
105 Ud<1en, J. A., Geology of Lohls,a County : low& Gool. Survey, Vol. XI, p. 102, 1901; 
~logy' of Muscatine County ~ Iowa Geol. ,Survey, Vol. IX, see table on p, 336, 1899. 
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ing to the same observer, more greenstone hornblendic rocks 
as well as schists and a smaller proportion of dolo~tic lime-
stone and rocks. comrtiop. in the 'Kewee'nawanar'e found in the 
, Nebraskan than in other drifts. ' 
Thickness of the .drift."-The maximum thicknes,s seen, either 
of the . fresh or of. the weathered drift,is ,no more than, ten 
feet: Due to heavy slumping, the thickness of the Nebraskan 
north ' of Gladwin at the outcrop in 'the west bluff of Iowa 
river, along th~ wagon road in t:Ve Se." 1,4 of sec. 21,T. 76, N., 
R.. V W:, and at Indian lookout iii. Se: 1;4" of sec. 33, West 
Lucas township, Johnson county, could not he ascertained, but 
a fair estimate pf thi'~ty to forty-five feet eQuId not ,be over-
conservative. It, appears that on tl,te whole the Nebraskan 
drift is thin and is ' absent from the uplands except where the 
preglacial , surface was low.106 Eve:p' in the low places it was 
found sparingly.lOT According ' to Leighton108 ' a study of well 
recbrds in Johnson county gives the Nebraskan the following ' 
. \ ' 
thickness: 15, 15, 25, 54, 86 and 122 feet . . Udden109 reports 
ten to twenty feet for the thickness of the drift 'in Louisa 
county, and Norton11o repotts a thickness of .sixty-five feet In 
, Cedar ~ounty. ,- I' 
The Aftonian Deposits 111 , 
The gumbotil.-The only true deposits of the first inter-. 
glacial stage outcropping in .t~e lake region are the super-
Nebraskan gumbotils exposed ' at three places along the bluff 
li!le of Lake Calvin. The first two outcrops · are in Johnson 
county jn the southeast quarter of section 33 ' of '·W e:::t Lu-
cas township. , The third 'exposure is in Louisa county in the 
southeast quarter of section 21, Union township. This gum.: 
botil,112 which is believed to be the oxidized arid .leached , pro-
. : 
106 Udden, J. A., Geology of Louisa County: Io,ya Geol. Survey., Yo). XI, · P. 10.3, 190.1. 
10'7 Udden, J. A., ,Geology of Muscatine ,County: Iowa Geol. Survey, Yol. ~X, p. 338, lli99. 
108 l,eighton, Morris M., Th~ Pleistocene History of Iowa River Yalley, North and Wesi: 
of Iowa City in Johnson County: Iowa Geol. Survey. Yol. XXV, pp. 169·1~1, 1914. 
109 'Udden, J. A., Geology of Louisa <Jounty: Iowa Geol. , Survey, Yol. XI, p. '10.3, 190.l. 
110 Norton, W . H ., Geology of Cedar County: Iowa Geol. Survey" Yol. .;::n, p. 844, 19Q1. 
111 At the time of this writing the term Aftonian liS the name of ; t,be first interglacial de-
posits is in 'question since doubt is being raised as to whether the type section of the Afton-
ian ~ands, and gravels at Afton Junction is a ,~rue in~ergla~ial, . dep?~it. , 
'112 Kay, George F:, Gumbotil, A: New Term ' in Pleistocene Geology, Science, 'New Series, 
' Vol. XLIV; Nov. 3, 1916 ; Pl~istocene Deposits between Manilla in Crawford County and 
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duct Qf the drift, is a drab or ash-cQlQred, thQrQughly leached, 
hard and tQu~h clay cQn~ai.iling b~t few pebbles. ~he con- ', 
tained pebbles are small and CQnSIst Qf the . mQre InsQluble 
matter such as quartz" chert and quartzite; other cQnstituents, 
hQwever, as gr~nites and basalts, are nQt entirely wanting. 
A micrQscopic analysis113 shQWS that 0 the gumbQtil is made up 
of sixty to. seventy-five per c~nt Qf minute, 'spherical, trans-
parent grains Qf quartz and twenty-five to. fQr.ty per cent Qf 
clay. When it is , wet, the gumbQtil breaks with a starchlike 
'fracture and when it is dry its surface has a characteristic 
checkered appearance. A thickness Qf . QnlyabQut 'ten feet 
CQuld be determined 0 definitely, at the ' eXPQsures in J QhnsQn 
CQunty, due to. heavy slumping, and Qnly fQur feet at the third 
eXPQsurE)' In J QhnsQn cQunty a brQwnish till sheet lie:, Qn 
tQP Qf the gumbQtil and another lies beneath it, whereas in 
, LQuisa cQunty it is Qverlain by a IQess and underlain by a 
brQwn to. yellQrvJ,sl,1 sandy till. The , gumbQtil in LQuisa CQunty 
isl?elieved to. 'be ,Nebraskan ra~her than Kansan. Two. miles 
to. the nQrth and at a similar distance to. the SQuth' frQm the 
QutcrQP is anQther gumbQtil ' lying at an elevatiQn Qf 705 
to. 710 feet abQve sere level. -At these places the gumbQtil lies 
fifteen to. twenty feet belQw the general level Qf the upland and 
i~ Kansan. ' As the elevatiQn Qf the gumbQtil in the sQutheast 
quarter Qf sectiQn 21 is abQut ' 640 feet, the Qriginal gumbQtil 
plain, if all Qf .the gUmbQtils are Qf the same age, has a slQpe 
Qf seventy feet in two. miles Qr thirty-five feet per mile. Since 
it is believed that the plain Qn which the gumbQtil was fQrmed' 
was essentially a grQund mQraine like that Qf the WiscQnsin 
stage Qf glaciatiQn in nQrthcentral IQwa and that erQsiQn was 
slight/a it is believed that a plain with a relief Of thirty .. five 
feet per mile is nQt in harmQny with the idea Qf the Qrigin Qf 
gumbQtil. 
A depQsi~ whic~ is PQssibly gumbotil has been repQrted by 
Coon Rapids in Carroll County, Iowa: Iowa. Geol. Survey" Vol. XXVI, p. 217, 1915' Th& 
Origin ot Gumbitil, (with J. N. P earce): Jour. of Geology Vol. XXVIII, No. 2, pp. 119·125, 
Feb.·Mar. 1920. 0 
l U Dewey, Arthur H ., The Pleistocene History of Lee County, Iowa. Unpublished thesis 
Library, State UniV1!>rsity of Iowa, 1917. . ' ' 
114,. Kay, G. :F., Some Features of the Kansan Drift in Southern Iowa: Bull. Geol. Soc. of 
A1ner1ca, Vol. XXVII, pp. 115'117, 1915; Reprinted in Iowa Geol. Survey Vol XXV pp 612,615, 1914. ' . , . 
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Leighton115 as outcropping ~long the west bluff of Iowa river a 
few miles north of Coralville in section 33, Penn township, ' 
. Johnson . county. The 'writer in company .with ~. A. H. 
Dewey visited the section and found there what might · be in- . 
terpreted as a gumbotil, but due to the slumpirig of early 
spring, it was impossible to determine its thickness or whether 
it was in place. 
Leached sands and gravels.-The only , other visible evidence 
of this ·first interglacial interval is found in the following two 
places: . . 
1. ,Washington county, Iowa towns:p.ip, section 36, extreme 
southeast corner, ' north bluff of DaVIS creek. 
2. Louisa county, Union township; section 8, Nw. %, Sw. 
14, south wall of Goose creek. 
At these. places occur highly oxidized and leached stratified 
sands and· gravels above which is fresh oxidized till, and, in 
the outcrop in Washington county, dense. bluish compact unal-
tered till. The leaching and oxidation of these' sands and 
gravels is believed to reprE)sent the time interval between the. 
Nebraskan and-Kansan stages of glaciation.m 
Other interglacial deposits.-Aside from the above described 
interglacial deposits, numerous other sands arid gravels, silts, 
soil bands and peat beds have been, described iIi the various 
geologic county reports of the region as being Aftonian.111 
Thes.e deposits, most of which are . lying at 'a considerable 
depth below the surface, are revealed in the logs of wells . 
. Those in Louisa county range in thickness from two to ten 
feet, those. in Muscatine from eight to fourteen feet and ' those 
in J ohnson coun~y from four' to sixty-eight feet. 
The Kansan Drift. . 
Distribution..-Except for the eastern border of the lake 
basin ' in Muscatine county and several s:r;nall areas in the 
115 Personal communicatiori to Dean G. EI. Kay. 
116 . Schoewe, W. R ., The Interpretation of Certain Leached Gravel Deposits in Louisa And 
W{Lshington Counties, Iowa: Proc. IOWA Acad. SCience,. Vol. XXVI, pp. 393·398,. 1919. 
111 Calvin, S., Geology of Johnson County: Iowa Geol. Survey, Vol. VII, 1897. Udd~n. , 
J : A., Geology of M;uscatine County: Iowa Geol. Survey, Vol. IX, 1899; Geology .of LOUISA 
County : Iowa Geol. Survey, Vol.. XI, ,1901. Norton, W. R., Geology ,of Cedar County: I?wa 
Geol. Survey, Vol. XI, 1901. Leighton, Morris M., The Pleistocene History of Iowa RIver 
Valley, North and West ' of Io:>wa City, in Johnson County: Iowa Geol. Survey, Vol. XXV • . 
(1914), 1916. 
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northern portion of the lake region, the Kansan is the upper-
most drift under practically the entire area. 'This drift is 
either exposed at the surface or.it lies directly below a more 
'0+ less heavy mantle o'f loess. , As expos,ures , may be seen a1: 
most everywhere along road, cuts, along the valley walls of 
Iowa and Cedar rivers as well as along $ome of the smaller 
streams, no detailed locations need be' cited. 
Character of the drift.-Several phases of the Kansan drift 
sheet were Ilofed.; namely, :the fresh or unaltered phase, the 
oxidized but: unleached phase ' arid the oxidized and leach~d 
phase. The unchanged t~l , consists of a very compact, dense ' 
material of a bluish color , in which the pebbles are 'predom-
inantly small and which at places contains numerous fragments 
of wood. This phase of the Kansan till is rarely represented 
, in the outcrops by a thickness of more than a few feet. Over-
~ying the unoxidizea. and unleached material is a gray or yel-
lowish to ' b,rownish sticky clay contailling numerous striated 
and subangular pebbles, cobbles ,and bowlders of all descrip-
tions. In most places the till is'very sandy and in the vicinity of 
, , Columbus, Junction an unusual amount of limestone is notice-
able. SIl,lall rounded quartz, chert and greenstone pebbles also 
a:re ,numerous throughout this phase of the till. Large bowld-
ers of granite, dolerite and basalt are in evidence practically 
everywhere. Some of these are highly weathered and crumble 
to pieces on slight pressure, whereas others are very hard and 
sho", no trace of alteration. It was noted that, 'in Johnson, 
Louisa and Washington counties, among the gravels and 
b,ow~ders lying on the surface of the Kansan drift within the 
lake basin near to the bluff iine, a fair proportion are more 
or less slablike instead' of h~'Ying the c4aracteristic subangular I 
form. In , J ohn~on cQunty the Kansan drift is relatively free 
, from large bowlders except locally as in the tributary gulljes 
of Iowa 'river north of Iowa City where numero,us 'large fresh 
bowlders of various kinds have ·been concentrated.ll8 A~cord­
ing to Uddenl19 a, htrg~r propoFtioI!- .of diabase, granite alla. 
. ~ . • .,,' l ~.. . l \' ~ • • , 
, "':U18 " Lei~hto,?-.; . Morris M. o' Tha. 'PJei tOee~.l' Historf "of Iowa" River ' vlIvh, North' and :West 
of !?W~ Ol~ In: ~ol~~son, C'o)1n.tr., , I~r~ ~ol; ~,ur.yeY';' Vol. XXV (1914,), P: ;1.'19," ;l.9~\l • . ',,' 
11,9 Udden.' ,J . A., ,Geploi! ,'9,f '.L.o.~.s~: C<\u,nty : - Iowa ,Gliol ; .s~~y, ,Voll. XI, .p . .105', ;1901. 
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. other Keweenawan pebbles a,re ~ound in the Kansa~ of Louisa 
county than in the Nebraskan, whereas the number of lime-
. stone and' dolomite pebbles is the same in the two drifts. 
Except · for the . absence of the ~alcareous constituents, the 
oxidized .. and leachlild zone of the Kansan drift is in all re-
spects s:ini.ilar .to that of the oXidiz,ed and unleached portion 
just de·scribed.. It may be note.d that · very often the upper-
most foot or two of the altered drift is very highly oxidized 
to a reddish brown color and is thus set off from the other por-
tions . of the drift. This thin zone is known as tlie ," ferreto" 
zone. 
Thickne·ss of the .drift.-The Kansan drift differs in thick-
ness from place to place, being thinnest where it rests on bed-
rock. Where the drift was seen ' lying dir~ctly on t~e country ' 
rock in. Morning Sun township, Louisa .county, its thickness 
scarcely anywhere exceeds twenty feet and at the Interurban 
cut on the west side of Iowa river at Iowa City, its thickness 
. is not quite eight feet. The maximum thickness of this till 
which was seen in the field is about sixty feet although well 
records in Johnson county, as shown by Leighton,12O indicate 
a thickness of over 200 feet. I U dden121 reports a maximum of 
100 feet for Muscatine county. In general the leaching of the· 
Kansan' drift has not penetrated fa~ther down than five to 
thirteen feet,122 whereas the ·oxidation ' as observed in the field '· 
has in many cases extended to a depth of sixty feet or more. 
, The Yarmouth Interglacial Deposits. 
The, Kansan gumbotil.-The second or Yarmouth interglacial 
stage is · represented mostly by exposures .of gumbo til and 
Buchanan gravels. " Numerous well records throughout, the 
region reveal also a soil and pea~ horizon. The Kansan gum-
botil in its physical and chemical properties is in all respects 
similar to the' Nebraskan. At most places the gumbotil is 
overlain by leache·d loess although . a ·few outcrops show oxi-
120 Leighton, Morris M., The PleistC?cene .History of Iowa ;River Valley Nor\h "a~d West 
of Iowa City in Johnson· County : Iowa Geol. Survey, Vol. XXV (1914) p. 118, 1916, 
121 Udden, J. A., Geology of Muscatine County: Iowa Geol. Survey; Vol. IX, p . 839, 18.99. 
122 Alden, Wm. C., and Leighto.n, Morris M., The Iowan Drift: ' Iowa Geol. Survey, Vol. 
XXVI (1915), pp. 85·87, 1917. I 
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dized illinoian till above the ~umbotil. Its thickness where it 
may be seen ranges from six to eleven feet. This small range 
' of thickness, however, does not, in all probability, :represent 
the 'entire development of this material, for in ~ost ' instances 
the outcrops were either in shallow road cuts or else were 
hidde~ by more or less slumping. An average thickness of 
fifteen feet probably would not be far from correct, especially 
as that is the average thickness of the Kansan gumbotil ' in ' 
nearby eounties.m In altitude the ' Kansan gumbotil plain 
ranges from 670 to 750 feet above sea level, 'being higher 
toward the western portion of the lake region. ' 
The B~tchanan gravels.-Most of the Buchanan gravels Ito be 
seen in the,lake region are those described by Leighton.124. Simi- ' 
~ 
lar deposits are exposed in Iowa City on the north side of Brown 
street near Dubuque street, at the T-road in the center of sec': 
tion 16, West Lucas township, south of the city,. and in the 
walls of the gully immediately south of the railroad tracks .of 
the branch line , of the Chicago, Rock Island and Pacific Rail-
way where it crosses Iowa river. 
The Buchanan deposits consist o£ highly oxidized and de-
cayed stratified sand and gravel whose textural range is from 
fine sand to bowlders one foot or so in diameter. Many of the 
sands and ' gravels are of a highly reddish color and at places 
show ,crossbedding and contortion.1~5 Calvin126 has divided the 
Buchanan gravels· into two ' phases, the upland phase and the 
valley phase, the former consisting of the coarser and' 
bowldery material, the latter of the sand and finer pebbly 
gravel. Calvin regarded- the Buchanan gravels as Kansan 
outwash, the upland phase having be,en deposited while the 
valleys were still fille<i With ice and the valley phase having 
been' laid 'down in connection with the . retreat of the ice' 
123 Dewey, Arthur H ., The Pleistocene History of Lee County" Iowa, Unpublished thesis, 
Library, State University of Iowa, 1917,. , . .. , . ' 
124. Leighton, Morris 'M ., Pleistocene History of Iowa River Valley, North and West of 
Iowa City in Johnson County: Iowa GeoL Survey, Vol. XXV (1914), pp. 120-124, 1916. 
125 Idem, pp. 142·146; An E:tposure showing post·Kansan glaciation near Iowa City, 
Iowa :, Jour. Geology, Vol. 21, pp. 431·435, 1913. AIden, Wm. C., and Leighton, Morris M. 
The ,Iowan Drift: Iowa Geol. ,Survey, Vol. XXVI (1915), pp. 117·118, '1917. , ' 
126 ,Calvin, S., Geology of ' Buchanan County: Iowa ' Geol. Survey, Vol. VIII, pp. 201·253, 
1898. 
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sheet.m Leighton128, however, has come to the conclusion that 
Calvin's valley phase or terrace gravels represent Iowan out-
wash deposits., . . 
Band and gravel deposits in Muscatine county.-Deposits of 
highly oxidized coarse sand and fine pepbles, very s'imilar to 
Calvin's valley phase of Buchanan gravels, are exposed in 
Muscatine ' county at ' the following four local.ities: 
1. Goshen township, center of section 11, east. road . cut of 
north and south road. 
2. . Goshen township, southwes~ corner of section 9, road. 
cut. 
3. Goshen township, corner of south section line of section 
10. 
4. . Wapsinonoc township, center of section '26 . 
. . With ' the exception of locality 4, all of the outcrops are in 
road cuts in the bluff line of the old ·lake. The d~posits con-
sist of highly ferruginous or brownish red coal~se sand and 
fine' pebbles: The pebbles are almost all well rounded and some 
.are striated. . The material is leached as is the underlying 
till. In all three of the exposures in Goshen township, the . 
sands and pebbles are covered by a deposit of loe~s or loess-
like clay ' most of which is leached. . In section 9' the sandy 
material ' is covered by eight inches of sticky gray clay con-
taining small~ chert pebbles, ' and in section. ~O the underlying 
till, which is ' rather sandy at places, ' contains pockets of ' a . 
similar very sticky lea.ched clayey material containing quartz 
and chert pebbles. .This clayey . deposit may represent ' a gum- ' 
botil, a soil bed or a lake deposit. Only at two places, in .sec-
tions 10 and 11, could the thickness or' the sands and gravels 
be determined. In the former cut, four feet of. sand is ex-
posed, whereas in the latter exposure the thickness Of the de~ 
posit ranges ·· from ten to fifteen feet. In all fou~ inst~nces, 
the sand and pebbles were practically at the same height above 
the adjaMnt flat .or terrace, namely tWenty to thirty feet, or 
at an elevation of 685 to 695 feet above sea level. If these de:" 
. 127 Leight n, Morris M., The Buchanan Gravels of Calvin and the Iowan Valley Trains: 
Proc. Iowa Acad. Science, Vol. XXIV, p. 86, 1917. I ' . • . 
'128 Idem, p. ' 86. 
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posits are Buchanan gr~'Vels, then', they corre~pond to Call-
vin's valley phase, as they are very much finer than the 
Buchanan gravel deposit of the interurban cut at Iowa City 
which i~, . according to Leighton/29 the upland phase. From 
their topographic position it is clearly evident that the'se four 
. deposits, although resembling the valley phase very closely, 
cannot be valley train deposits from the Iowan ice as Leigh-
ton180 suggests for Calvin's valley phase. The presence of the 
stickY clay overlying the sands at one locality and the remark-
able coincidence of elevation and height above the lowla:dd or 
terrace ' suggest the possibility that the deposits ' may r'epre-
sent a highly oridi'zed beach deposit · of a former body of 
water .. 
Other Yarmouth. deposits.-Other and similar deposits rep-
. resenting Yarmouth times are described as occurring in ' 
Louisa, Cedar and Johnson counties . . Udden181 described a 
somewhat gravelly sand as ~ell as soil .bands which he found 
in Louisa county. N orton182 reports one exposure in Cedar 
.county which showed a dark red sand containing disseminated 
pebbles and Leighton188 refers .to the Buchanan gravels as 
bein~ encountered in numerous wells in Johnson county . . 
. The nlinoian Drift. 
. . 
Distribution and character.~The Illinoian drift forms the ' 
surface material in those parts of Muscatine and ' LOUIsa. 
counties which lie east and south of the lake basin. While 
it is characterized, by a somewhat lighter yellowish color and a 
more sandy nature, the Illinoian drift to all other appear-
ances closely resembles the Kansan and the Nebraskan drift 
sheets . . . ;N ot only is the thickne~s of this. drift ' less than the 
thicknesses . of the othe'r two, but l~aching and oxidation have 
129 ' Leighton, Morris M., Pleistocene History of rowa River Valley, North and IWe; t of 
Iowa Oity in Johr.son Oounty: Iowa Geol. Survey, Vol. XXV (1914), p. 120, 1916. 
1 8 0 Leighton, Morr.is M., · The Buc~anan Guvels of Oalvin and the Iowan Valley Train~: 
Proc. Iowa Acad. SCIence; Vol. XXT'I , p. 86, 1917. . . 
. 1 31 Udden, J : A., Geology ot Louis~ Oounty: Iowa Geol. Survey, Vol. ' XI, pp. 105.107, 
. 1901. '. \ 
.1 8 2 Norton, W. H ., Geology of Cedar County: Iowa Geol. Survey, Vol. XI, pp. 366-367, 
1901. '. . 
183 Leighton, Morris M., Pleistocene History of Iowa River Valley, North' and West , of 
Iowa City in Johnson County: Iowa Geol. Survey, · Vol. XXV (1914), pp. 1-23, 169-181, 1.9U. 
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not progressed nearly so far. Where the drift has been exam-
ined, leaching has ,not been found to penetrate more than two 
or three feet although oxidation, at one pl~ce which was ob-
seryed, has penetrated to a:d'epth 'of .thirty-nine feet. The 
Illinoian drift, on the whole, is very , thin, at ' places being no 
more than , fwo feet thick and in some places being lacking , 
entirely. An average thiGkness for this drift where it has been 
observed is considerably less than thirty feet. 
Sangamon Deposits. 
Gum'botil and, peat beds.-Deposits of gumbotil, peat and old ' 
soils register th~ th,jrd or Sangamon interglacial stage. The 
Illinoian gumbotil" in general, is ' in all respects, except thick-
ness, similar to the Karisan and Nebraskan gumbotils. ' Its 
average thickness is but five feet. . Outcrops are numerous on 
the slopes of the ,ravines' which dissect the level Illinoian up-
lartd. ' ;Exposures of guinbotil are numerou~ also on both val-
ley walls of the Iowa-Cedar river valley below Columbus Junc-
, I 
, tion. At several places, as in . the cut along the railroad tracks 
between Bard and Columbus Junction, on the line between 
sections 33 and,34, and in the n<:>rth bluff of Iowa river, south-
west corner of section \10, Port ;Loui~a to'wnship, two and one-
hRlf miles north of . Wapello, a ,soil ·or peat bed overlies· the 
gumbotil. Most of the gumbotil at these places is highly car-
b<?naceous. The peat bed in section 10 'is five feet thick and the 
upper two feet is almost entirely woody. Fossil beetle remains " 
were observed ' in the peat, but due to the poor state of pres-
ervation and the burnin'g of the peat several years ago, their 
identity could not be ascertained. 'This peat horizon :also has 
been described by Aldenm l and has been referred to by Ud-
den. lSs Both of these writers are or'the opinion that the p~at 
is of 8.angamon . age. A comparison of elevations of the gUm-
botil along the valley walls and on the Illinoian' upland, (see 
table 2, page .102, seems to indicate that a large sag existed' 
over the present valley of Iowa-Cedar river after the retreat 
/ 
, '134. Alden, Wm. C., and Leighton, Morris M., the Iowan Drift: Iowa Geol. Survey, Vol. 
XXVI (1915), p. 169, 1917. ' . 
185 Udden, J. A., Geology, of Louisa County: Iowa Geo!.. Survey, Vol. XI, p, 109, '1901. 
, ' 
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TABLE. 2. TABLE OF GUMBO TIL ELEVATIONS AND SLOPES OF RECONSTRUCTED GUMBOTIL PLAIN8. IN TB.'E 
REGION OF .THE IOWA· CEDAR RIyER VALLEY . . 
I 
TOPOGRAPHIC -I' ELIIVATION DIJ'JrERIINCII IN I DISTANCE I Slope, Feet per mile. 
POSITION ELIIVATION. FT. . MILEs _ Reconst'd. GumbotU Plain . 
-'1'I's~e~c7ti~o-n--T~oa-d~be~t-w-e-e-n--se-c~b"o-n-s-n2~5--a-n'd~3Ao,-'I~,----------7,-- , 
mile south of Columbus Junction Upland 710 
.21 Northeast corner of NW:J,4, section 35, 2¥.! , . , -+-------------;,--------+------------------
miles east of Cairo . ' Upland 700 10 7.5 1.3 
LoOATION 
3/ Center- of NW:J,4, section 14, I¥.! miles north· 'I 
west of Oakville . Upland 650 50 . 12.5 4. 
41 Intersection of road ·and Illinoian blujfs in , ., , , 
section ,22, 2 miles east of Fredonia ' Valley walls 640 _ . 
51 East ~ntral part of section. 5, Port Louisa , , . . , , 
township . Valley walls 620 20 . . . 5.5 3.6 
61 North central part of-NW:J,4, section 9, Port , . , -----. -
Louisa township Valley walls . 615 5 1. 5. 
71 Northwest corner, section 15, 2¥.! miles north , , . 
of Wapello. Valley-walls 610 5 1.25 4. 
81 West central - pa:rt;section 23, -I¥.!- miles " -- I 
northeast of Wlapello Valley walls 610 O· 2.25 o. 
91 South central part, section 31, 31,4 miles--,-------------- 1 1 , 
. sou,theast of Wapello yalley walls - 600 10 3.- ' 3.3 
101 Northeast corner alon~ section road between , ., -, I 
Secs. 9 and 16, 21h miles northeast of Elrick Valley walls 610 · 10 3.25 I 3. 
:J) I Northeast corner alon~ sectionroad- between \ I 1 
Sees. 15 and 22, 1% Inl. northwest of Oakville Valley walls 620 ' . 10 1.5 6.6 
1
1-4---- - -1--UPl8Jid to , 
. valley walls 710·640 70 3.75 19.- ' 
1
2-7 , Upland to , 
- , • valley walls 700·610 90 5.5 16.+ 
1
3.11 1 Upland to ., 
_ valley walls 650·620 30 1. 30. 
-
./ 
..... 
o 
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of the Illinoian ice sheet. Such a sag as must have existed if 
the gumbotil along the valley walls is Illinoian does not, ap-
,pear to be in harmony with the gumbotil hypothesis or with , 
the existence of Lake Calvin., The table shows that the ' slope 
of the gumbotil plaiD. when it is reconstructed from the three -
upland gumbotil outcrops ranges from one and three-tenths 
to four feet per mile and that t4e plain determined from the 
elevations of the gumbQtil exposed along the valley walls has 
a slope of less than seven feet per mile. On the other hand, 
it is also seen that when all ' elevations are considered, a mini-
mum slope of sixteen feet per mile'is obtained. This figure 
is undoubtedly too small. ,There is a di:ff.erence of thirty feet 
in the elevations of the two outcrops of gumbotil in sections 
14 and 15, about one and one-half miles northwest of -Oak-
ville. The exposure,s are but one mile apart, the former being 
on the upl~nd, the latter along the valley walls. At the other 
places: where a similar comparison is made, the outcrops are 
separated by the Iowa-Cedar river valley which has a width , 
,of three and three-fourths to five and one-half miles, thus giv-
ing the low figures of sixteen and nineteen feet per mile indi- . 
cated in the table. Since the slopes of the r~constructed gum-
botil 'plajns when they are considered independently are in , 
perfect agreement but when treated collectively :ue not ill har-
mony with the gumbotil hypotht~sis or with the existp.Jlce of 
Lake CaJvin, the writer , has come to the conclusion that the 
gumbotil alld peat exposed along the valley walls of the Iowa-
Cedar river valley are not Sangamon in age. They may wen 
represent Yarmouth deposIts or possibly even those of the fir~t 
interglacial stage. In this connection; it is suggested that a 
detailed study of the Iowa-Cedar ~iver valley might prove of 
great value in the study of the origin of the gumbotils. Nu-
merous exposures of soil bands and peaty deposits , in Louisa 
and Muscatine counties are described ,by Udden136 and Leigh-
ton and Alden187 have described sevetal outcrops of gumbotils 
in Louisa county. 
136 Udden, J. A., Geology of J.ouisa County: Iowa Geol. Survey, Vol. XI, pp. 109-111, 
1901. ' . " , 
131 Alden, Wm. C., and Leighton, Morris M ., The Iowan Drift: Iowa Geol. Survey, Vol. 
XXVI, (1915), pp. 168-171, 1917. • . 
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The Iowan Drift. 
Distribution and charaoter.~Unlike the Kansan and illinoian . 
drift sheets the Iowan in the lake region does · not constitute · 
a continuous su~face formation, but occurs in> five lobate ex-
tensions of the main drift sheet in the northern portion of the 
region. Although they . possess some , characteristics of the 
. typical Iowan dri~ plain, . a question has recently been raised 
concerning aU but the westernmost tracts188 as ' to their ever 
· havin'g been covered by the , Iowan ice sheet. , Exposures of 
drift in this younger drift plain. are rare, · because little dis-
section has taken place since the deposition of the drift. The 
,Iowan area is characterized by its youthful topography, its 
absence of a loess covering .and the presence of' huge coarse-
grained granitic bowlders. The till itself is not distinctive. 
In , contrast with the Kansan till, the Iowan till is more sandy · 
and' porous and has a yellowish color. Oxidation has pene-
trated but eight or ten feet and leachmg on an average be- . 
tween three and five and one-half feet. ' This bowlder clay is 
characterized by a low content of . calcium carbonate.189 The 
· unleached portion of the till is darker than the leached portion 
.~ . . 
and from a bluish or drab gray to a slate color. On the whole, 
the .fresh till is somewhat harder and denser than the oxidized ' 
portion. Many of the contained pebbles and bowlders exhibit 
,a mar~ed degree of freshness. The Iowan drift is thin, prob-
ably ave~aging no more than ten feet.Ho 
The Peoria.n . Interglacial Deposits. 
Loe9$.-The 'fourth or Peorian interglacial stage is repre-
sented in the lake region by; the widely known loess deposits. 
The loe~s consists of unstr.atified, usually yellowish to buff-
color~d siltlike material which is ~omposed of very fine angular 
particles of quartz, feldspar, mica, and ferromagnesian and 
other minerals. The deposit if) somewhat sandy, but pebbles 
· are lacking from the typical loess; Jt can ' be easily detected 
'188 Alden, Wm, C" and Leighton, Morria M'I The Iowan Drift: Iowa Geol. Survey, .Vol: XXVI (1915), pp. 177, 179, 180, 1917. , , . 
139 Calvin, S" Present Phase of ' the Pleistocene Problem in Iowa: Bull. Gaol. Society 01 
America, Vol. 20, p. 145, 1909. " 
HO Calvin, S., Iowan Drift: Bull. Geol. ~ociety of America, ,VOl. 10, p. 118, 1899. 
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by, its remarkable ability to stand in vertical faces for a long , 
time after being , exposed. The loess , where it is unleached 
generally contains the· 'fragile ' shells of small land ', snails and 
peculiar shaped calcareous nodules known by the name' of 
"loess-kindchen." Cylindrical hollow tapering limonite con-
cretioris are common in the upper portion of the deposit, which 
in manypla.ces is completely leached of its, calcium carbonate ' 
conten.t. Pr!lctically nowhere has the leaching penetrated ' to • 
a greater depth than eight to ten feet. The thickIiess of the 
·loess differs from plac~ to place from a probable maximum ' 
thickness of thirty feet to nothing more than a thin .veneer. 
The loess is found not · only on both the Kansan and lllinoian 
uplands, but is present also in the laM:! baRin 'itself, although 
not to a g-reat ext~nt. . 
. The Wisconsin and Post-Wisconsin Deposits. ' 
Wisconsin terraces and valley train deposits.-' The only de-
posits . in the lake region which are known to represent the 
"Wisconsin stage 'of glaciation are the sands and gravels ,of 
a , few scattered terraces in some of the tributary valleys of 
the Mississippi, and the Wisconsin valley train deposit in the 
Mississippi gorge. Since these deposits, however, 'bear no in- ' 
timate relation, to the origin and history of Lake Calvin, ' a 
'further discussion of them is ' nQt warranted. Future work 
may demoIistrate that the terrace materials in the Iowa-Cedar 
valley b~tween ' Columbus Junction and Mississippi river are 
associated with the Wisconsin stage or glaciation: . . 
Recent deposits.-Post-Wisconsindeposits are , the alluvium 
of the present flood , plains of , the rivers, some of the sand 
dunes bordering the s~ream' courses and most of the upper 
soil deposits. 
History 'of the Pleistocene Formations. 
After the depositi<:>n of the last marine sediments, probably 
the Des' Moines formation of the Pennsylvanian period, the 
region later ccupied by Lake Calvin was subjected to a long 
interval of erosion. As. a. study of well records and outcrops of 
the indurated rock shows, the subglacial topography consists of 
. ' 1.. 
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a rough colintry traversed by numerous large drainage chan-
nels'. Whet~er the first great continental ice sheet, the Ne-
braskan, advanced over a highly disse~ted region very much 
. like the ' famous Driftless Area of southwestern Wisconsin and 
adjacen:t states or whether the region had been reduced again 
. to one of low relief141 has not been demonstrated. The fact re-
mains that the lake region was invaded by the Nebraskan ice 
. • sheet and from the evidence of the N ebraskan ~botil it is 
deduced that the region after the retreat of the glacier pre- . 
sented a level ground moraine topography si.mUar to that of 
the Wisconsin drift plain in ' the northcentral. part of the state. 
The advent of the next ice sheet, the Kansan, was pre-
ceded by a very long erosion interval. During this stage, 
known in literature as - the: Aftonian interglacial stage, " at-
- mospp,eric weathering attacked the materials of the newly 
formed 'drift sheet and oxidized and~ leached the upper part 
of the drift until it became a tough, sticky drab colored gum-
botil which now is ten to fifteen feet in thickness. Presumably 
contemporaneously with the formation of the gumbotil, the 
sands and gravels in Washington and Louisa counties which 
have been described above were leached and oxidized. . The 
presence of soil bands and stratified 'sands and gravels has 
suggested to some that the Aftonian interglacial mterval "was 
a ·time of luxuriant forests . . . an interval of moist climate 
and swollen streams. ' '142 From studies . and discoveries in 
other sections of the country, it is known that during this mild 
interglacial stage such mammals as the elephant, the masto- . 
don, the horse a:rid the great · stag roamed over the state.us 
After \a prolonged period of . weathering, -diastrophic move-
ments elevated the region and erosion becaIp.e the dominant 
process causing the dissection of the original gumbotil pla:in. 
The period of erosion was gradually followed by changes in 
the climate during which it became colder and colder until 
finally th~ lak~ region was invad~d from the north by a second 
141 Professor · Trowbridge is of the Opinion ' that the Nebraskan ice sheet advanced over a 
peneplain. . 
14'2 Calvin, S., Present Phase of the PleistoceM Problem' in Iowa: Bull. Geol. Society of 
America, Vol. 20, p. 139, 1909. . 
US -Hay, O. P ., .The Pleistocene Mammals of Iowa: Iowa Gaol. Survey, Vol. XXIII, . 1913 • . 
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ice sheet, the Kansan. All the existing valleys were filled up 
with the glacial debris, the ' relief wa~ reduced and a new 
ground moraine upon which new drainage courses were ' estab-
lished , was left by the retreating' ice sheet. A long period of 
weathering followed during which fifteen to twenty feet of 
super-,Kansan , gumbotilwas formed and the Buchanan gravels 
and sands were oxidized and leached. Another rejuvenation of 
the land set in, resulting in erosion and dissection of the gum-
botil. It' was during this time that the present course of Iowa 
river and undoubtedly that of the ' Cedar were established. , 
That this, the Yarmouth interglacial stage; was of longer dura-
,tion than the Aftonian seems to be indicated by the thicker 
layer of gumbotil formed during that ' time. Whether pro-
noun,ced erosion again took place is 'difficult to state as. records 
of 'post.,N ebraskan, pre-Kansan erosion are not available. How- I • 
ever, evidence144 tends to show "that quite an amount of ero-
sion had probably taken place in the surface of the Kansan 
before the ' illinoian drift was deposited.' '145 ' 
'. For a third time, a period, favorable for the formation of 
glaciers set in. This time, however, the entire lake region 
was not invaded by the oncoming ice sheet, which' moved from 
.. the Labradorian center. Only the eastern portion of the area 
under discussion was traversed by an extension of the Illi-
, noian glacier which pushed its way from the state of ,illinois 
across the valley of Mississippi river into Iowa. It was the 
displacing of Mississippi river by the ice invasion which gave 
rise to the ponding back of the combined water of Mississippi, 
Cedar and Iowa , rivers, forming L~ke Calvin. The withdrawal 
Of the illinoian ice ' sheet was followed by a long ,period of 
gumbotil and peat formation. Due either to diastrophic move-
ments or because of the proximity of the Lake Calvin region " 
to the unaffected parts of the Mississippi river valley, erosion 
then set in and began to incise the recently fotmed gumbotil 
plain.. It may be that during this stage of erosion Lake Calvin 
was finally drained and dissection of the lake basin was inau:.. 
1 44 'Leverett, F ., The Weathered 'Zone (Yarinouth) between the "Illinoian and 'Kansan Till 
Sheets: Proc. Iowa Acad. Science, Vol. V, pp. 81-85. 
145 Calvin, S., Present Phase of the Pleistocene Problem in Iowa: Bull. Geol. Soc. Am-
erica, Vol. 20, p. 142, 1909. ' 
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gurated. This stageQf nonglaciation which is known as the 
Sangamoh interglacial stage, was followed by a fourth ice in-
cursion, the' Iowan, which affected only the northernmost part 
of the lake region. In connectIon with this ice sheet, ~erraces 
of sand and gravel were formed along some of the stream ' 
courses leading away from the melting glacier as well as in the 
lake basin. During the ensuing inte~glacial stage, the ~eqrian, 
loess was deposited over most of the region and dissection of 
the Iowan terrace began. The dis,section may have been tem-
porarily halted during the Wisconsin stage of glaciation by the 
ponding back of Iowa and Cedar rivers due to the filling up of ' 
the Mississippi valley by deposits of Wisconsin outwash ma-
terials. Erosion, however, soon became active again and ' 
caused the further removal · of the Iowan terraces and the 
building up of the present ' fiood plains of the rivers, a process 
which is' still in operation. 
' . 
. " 
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CHAPTER V. 
THE PHYSIOGRAPlJY OF THE LAKE OALVIN BASIN. 
Shape and' Extent of Lake Basin. , 
, . 
Shape.-:The shape' of the basin formerly occupied by 'Lake 
Calvin when Gonsideredin ' its broad gene'ral outline is that 
of a huge letter "V" made 'irregular by J umerous ramifica-
tions, which , are found especially in the northern part of the 
lake site. The arms of the, "V" extend in a direction paralle~ to 
Iowa and Cedar rivers and form its apex near the junction of 
the two strea~s at Columbus Junction, t-0uisa ,county. (See 
Plate VI, Map of Lake Calvin.) , , 
Extent'.-If we do not consider the numerous river-like ir-
regularities north of Iowa City, West Liberty and Moscow as 
being part of the lake, ,basin proper, ,the lengths of the Iowa · 
and Cedar river arms of the "V" are twenty-eight and twenty-
, four miles respectively, with corresponding average 'widths of 
four and four-tenths and five 'and eight-tenths miles. The ' 
widest portion of the lake site is two and one-half miles s'~uth 
of Lone Tree where the two bluff lines are separated by a low 
flat stretch of country fourteen arid two-thirds miles in ' ex-
tent. Of' the three ramifications which may be considered as 
pelonging to the main basin, the English river extension, which , 
, branches off. the Iowa river ~rm in Washington 'county, is the , 
largest. Its length and average Width are fifteen miles and 
one-half mile respectively as compared ,to the length of ten 
miles and the breadth of somewhat over , a , mile' of the Old 
Mans creek ramification, the northern branch of the Io.wa ( 
river ;;trm of the "V". The third of the secondary continua-
tions of the lake basm is WiltOn valley in Muscatin'e county. , 
Its length may be considered as being that part of ,the valley . 
lying between the villages of , Moscow on the west and Durant 
on the east, a distance of eight and one-half miles. Ali the 
time of their greatest expansion, the waters of the lak~ cov-
ered an area of ' approximately 325 square' miles OJ:' 208,000 
.' 
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. acres, an area, as may ' be seen from figure 8, equal to about 
three-fourths of Muscatine county. Following t~e shore line of . 
Lake Calvin during this stage of maxllnum development would 
have been equivalent to taking a journey of 475 miles, w~ich 
is less by twenty-five miles than the distance between Chicago · 
and Council Bluffs . 
. Uplands.-As ind.icated elsewher~, the extensive lowland 
area of the Lake Calvin basin is su~roUhded by uplands con-
sisting, of the Kansan, nlinoian and Iowan dr:ift lains. Of 
. these highlands, which rlse' eighty to ,one hundred feet above 
.) 
FIG. S.-Diagram showing comparative areas of Muscatine county and the Lake' 
Calvin. basin. Cross·hatched portion represents the area of Lake Calvin. 
the now dry lake. .floor, the Kansan has by far the greatest 
areal distribution. it includes, with the exception of two small I 
areas, all of the region north and west of the lake basin. (See 
map showing the drift sheets in . the Lake Calvin basin, Plate 
VIII.) ' The Iowan drift plain, which forms the two excep-
tions to the Kansan upland area just mentioned, borders the 
lake ' basin at its two northern extremitie~ along Iowa and 
Cedarl 4:6 rivers respectively. The more ' widespread illinoian 
plain comprises the entire remaining area of the region south 
and east of the lake lowlands. 
a~ The Iowan age of the drift plain bordering on t.he eastern side of Cedar river arid ' 
known as the Tipton Lobe of the Iowan. drift sheet, ha~ recently been questioned. See "The 
Iowan Drift" by Wm. C. Alden and Morris M. Leighton, Iowa Geol. Survey, Vol. XXVI, p. 
179, 1916. . 
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IOWA GEOLOGICAL SURVEY PLATlil IX 
View in northeastern Washington county, Iowa, showing mature jlrosion of the Kansan drift plain. Relief 100 to 150 feet. 
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Topography.-The Kansan 'drift plain, which comprises by 
far the greater portion of ~,,~ ,highland bordering the hike 
basin, consists of a mature~, dissected upland (Plate IX) 
" \ .~ 'J 
whose general elevation lie~:»etween 840 feet above sea level ' in 
t;he northern and weste~\.: part~ " of the lake region and 740 
feet ' near the borders of . the la~e basin. ,Originally it was a 
somewhat gently s.1oping fiat piain, but its surface today is 
deeply incised by an ~~tticate dendritic ,system of vaJlleys. 
Topographically, the region pTes~nts many diversities. As one 
approaches. the larger stream 'r alleys from the inte~stream 
areas, a gradual and ordeHy' change from the uneroded, . flat 
. original ' drift plain to a rolling: and finally rugged and. rough 
type of , c'ountry makes it~elf nianifest. The only extensive 
~rea of the initial unerode<l llPii nd. surface lies south of the 
Englishi<river valley inW ashington county. ' H~re the topog-
raphy is practically in i~s driginal, unaltered state and forms 
wide flat-topped interstrearit,-dlvides. The vaJleys which have 
. been cut into its surface are':characteristically broad bottomed, 
open shallow swales. whose lang gentle slopes merge hnper-
ceptibly into the upland. At places the 'su'rface is still so flat ' 
_and poorly drained th8j~~ tiliJt ,has to be employed. At various · 
. ot~ places, which,< a:r:Eh-locat!ld at considerable distances f:r:om . 
htA~ .~r~e~ r~~~~ams "and whe:t:~)~~e effects ?f. running water have 
,,~~ 'P,Jit shglitly felt, remnaItts ' of. the orlgmal Kansan surface 
, nlayl1st1htine I>re~e;nved-as, na;row divide~ of limited extent and 
" e)a6~~nUikted lnafgin~~_l, S1ich e;bJionitl {remnants are met as one 
.. t:Hivels o~etf'l 'tlfe I rOwer ,',M;uscaHii~ 1i6ad bet~een Iowa City ' 3iJld 
DoWney, in the region lying J~ast 'tind north-east of ·Iowa City 
and extending up to Cedar river, dild on the west side of Iowa 
river between Iowa City and Old iMans creek. Away from tne 
uneroded remnants of the original fplain and nearer the master 
streams the surface of the upland ;is more indented by the nu-
merous ramifications of the arb(!)rescent drainage system, the 
broa,d-bbttomed open swales ~th long gentle slupes are ' con-
- 4.-
Rtricted to narrQwer, steep-side<l valleys, the relief is greater 
until finally 'at the borders of t~~ upland the streams have thor-
, . 
y' 
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oughly dissected the region. . Here maximum ruggedness and 
relief prevail. This is the border . country of, the river-like ex-
tensions of the lake basin, north of Iowa dity ' and the village of 
Rochester, ,along Iowa and ' Cedar rivers respectively. Here 
the surface has been deeply incised into a complex rugged re-
gion of spurs, buttresses and abrupt convex-sloped hills, which 
lie between sharply cut steep-sided ':ravines and valle)Ts ' which 
FIG. 9.-Vie, of the incised valley in the Kansan upland in section 36, Elm Grove township, 
Louisa county. 
have a relief of sixty to one hundred and , sixty feet and long 
'winding even-crested ridges. Where the drift topography has 
be,en modified by loess only to a slight extent, this ruggedness 
becomes less pronouriced. Although it is all reduced to slopes, 
the country i.s less deeply dissected, the slopes a~e gentler and 
the valleys wider and more open. Such ,is the characteristic 
rolling or undulating Kansan upland. between' the valleys of 
Old Mans creek and Englis!t river and that portion of the drift 
plain lying to the east of Iowa river south of a line passmg 
through ' Iowa City and RO,chester. 
I 
'\ 
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, A , departure from the usual normal , type of 'topography is 
seen in Louisa county immedia.tely west of the limits of the Il- ' 
, linoian ,drift plain. Extending in a sout~~rly direction from 
the Iowa ' river border of the upland just north of Columbus 
Junction and paralleling closely the edge of ,the llIinoian drift 
sheet is a definite wide and shallow s~g fFom 'one and one-quar- -
ter to' one and one-half miles wide and thirty to .sixty feet deep. 
This shallow incised valley, which rises ninety to o'ne hundred 
and twenty feet above the level of Iowa river and which lies 
at an eleyation of about 700 feet, above sea level, in the Vicinity 
~f Columbus Junction, is 'more pronounced the farther south it 
is traced. /At places it is occupied by streams, whereas other 
, portions of it are still uncut by drainage' channels. The photo- ' 
graph (Fig. 9), taken ' in section 36 of Elm Grove 'township, 
, shows that the incised valley is cut th~rty-five to forty feet be-
low the general ' upland and is- one mile.. wide. This place prac-
tically marks the divide between the ' north and south flowing 
streams developed in the sag. ' 
Attention was ' first called to this abandoned cltannel by Mr. 
Frank Leverett of the United States Geological Survey who 
traced its devious course to ', Fort Madison, Lee county. ' 
The Dlinoia.n Upland. 
Topo'graphy.-The Illinoian upland comprises that portion 
of the lake region east and south of the hlke' basin or lowland 
which lies between Cedar river, Mud creek and Mississippi 
river. Separated from the lowlands to the west by a line of , 
, bluffs seventy to one hundred fee~ in height, the Illinoian sur-
face lies at an average elevation of , 720 feet above sea level. , 
In contrast to the Kansan highland whose general surface 
slopes gently to the south or southwest, the Illinoian upland is 
inclined in all , directions so that its surface is drained to the 
north" west, ,south and east. Except for that part ~f the r,egi~n 
lying north of Muscatine the di,vide between the drainage lines 
lies closer to the, ,eastern ' edge of the upland than to the western 
border. Because of this, the northw'ard and westward flowing 
streams are the larger and occupy the shallower and more open 
type of valley. South from the latitude of Muscatine, the 
/ 
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watershed has shifted entirely to. the e~st and now, f<!llow~'~the 
bluffs of Mlississippi river and .rfo'rms the ea~tern edge of 'the 
upland plain. Here its crest ranges in elevatibn- froIp. 750 to 
, ..... ".... . 
770 feet in ~he, north to 680 feet above sea level jfi~t1i.e . ~Quth, in 
the latitude , of Wapello. N orfh an4 west of ,'Musca#ne, the 
height of la~d between MississiJ\P~{and petl.ar~ rivers'Jies about 
midway between the two stre~:2:s;, The highest .p~rtof the 
plain is on the divide between Mila creek and Mississippi river 
in section i8, Fulton township, ~';?a~d one-nalf ~iles southeast 
of Durant. At this plac~jan el~=V~l()n of 'SOO:;to"820 feet above 
,'i. ~ ./,$ . . ' . 
sea level is attained. ' ' '~:~"~' -, , ' ," 
D~-e to its' varying wi~t';h a~d '~£oxiniity to"'~aster drainage 
lines, the illinoian uplaR~'~ present!:i""'many diversities. One of ' 
the most noteworthy top~graphic}~~tures of; the drift plain is 
the fringe of sand dunes wlllch follows the western border of the 
upland, south of Mosquito,: ~reek in:: Mo'scow township to the vi-
cinity of Columbus JU:ncti'Q~. This sandy undulating fringe is 
, made especially conspicu~u.s beca~~~ of its abrupt termination 
at the southern extremity~@f th~ Hike basin at Columbus June-
tiorl. South of the Junction n() ' trace of a sand dune marking , 
the limit of the Dlinoian plain is to be seen. The dune-covered 
• ...... .\ 'f-<t 
are'a is, as a rule, less than half a mile wide. , However, at 
places such as ' the re.gion ,1iwo to', three miles north ,of Bayfield, 
.~ , . . 
the dune topography extends inland from the edge of the drift 
plain for a distance of one mUe ' to two miles. The average 
height of the sand knolls and ·ridges is twenty feet, but some 
of them reach heights of fo:t;ty ..to fifty feet at those places 
whe~e the sand covers larger" 'areas. N umerou~ ponds, as the 
one seen. on the right han'd' sid~ of the following photograph 
(Fig. 10), are hemmed in aino:Ui the dunes. 
In contrast to the Dlinoian drift plain of Lee and Scott coun-
ties, which is chara~terized ,by extensive areas of the 'qriginal -
upland in the form of broad tabular interstream divides, the 
surfahe of the drift sheet" in the lake region is more orJess cut , 
up into an undulat~g type of topography. Flat remnants of 
the ,uneroded surface are found only in that part of , the drift 
plain south of Iowa-Cedar river and in the country,forming the 
watershed between Mud creek, Cedar and Mississippi ' rivers 
, , 
, ~ 
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north ' of Muscatine: In all directions from these flattish rem- . 
nants or interstream areas the country is more and more cut 
up. . The upper parts of these erosion lines are wide open 
swales or sags which, . closer to the master streal}ls; Mississippi 
and Cedar rivers, develop into deeper valleys until, finally, 
within a few miles of the main drainage lines, the .whole topog-
raphy is etched into a system of hills arid valleys by the nu-
merous ramifications . of .the dendritic stream courses. Thus 
everywhere along the eastern and southern bQrder of the,. up-
land 'the bluffs of Mississippi river are cut into by ' young 
~ streams whose heads are 100 to ' 150 feet-below the up-
lands. South from the latitude of Muscatine, in townships 
Seventy-Six of Muscatine county ·and Grand View and Port· 
ElIG • . lO.-Characteristic sand dune topograpl1y on the Illinoian border within the lake basin. 
Louisa in Louisa county, the young valleys or ravines are .very 
steep-sided, narrow and short and extend back 'into the 'upland 
on the average less than one mile. The streams oGcupying the 
valleys have h~gh gradients. Because,of the position' of the di-
vide relative to the master streams, the northward and west-
ward flowing streams, as a rule, flow in more open and wider 
valleys than those pursumg the southerly and easterly courses. 
Such are the valleys especially in .the northern tjer of townships 
I -
• 
118 LAKE CALVIN 
in -Muscatine comity. South of Mosquito ' cre~k, in Moscow 
township, 'Muscatine county; the valleys form the conspicuous 
feature of the landscape. They range from sixty to seventy 
'feet in depth, and, together with the numerous sand dunes dot-
ting the surface, present an unusual type of topography, one 
-wbich is both constructive and ' destructive and which is . par-
·ticularly characteristic of this portio~ of the ' illinoian drift 
plain. 
The continuity .of the D1inoian plain is bJ;'oken iI). the southern 
part of the lake region at two places. At C.olumbus Junction, 
the northwest-southeast trending valley of Iowa-Cedar ·rivers 
divides the drift plain .into two uplands which are separa.ted by 
. a valley three to five and one-half miles wide. The northfacing 
end ' of the upland south of the gap consists of steep ,undissected 
bluffs which rise one hundred feet or more above the valley 
floor. The bluffs on the opposite side of the valley range in 
height from forty-five to eighty feet, are gentler and some of 
th-em are fringed by a line of low sand dunes. The southern 
portion of the upland is redivided into north and south sections 
by the valley of Long . creek. This valley is foUr and one-half 
miles south of Columbus Junction and . is one-quarter to one-
half mile wide and seventy to eighty feet deep. South of. Long 
creek the western edge of the upland is marked by two parallel 
ridges which were considered by UddenU7 to be terminal mo-
raines. These ridges, which are about one mile Wide and which 
rise as high as fifty feet above the general surrounding level, 
are separated, by a sag or depression one-half to one mile wide .. 
The Iowan Drift · Pla.in. 
Topogmphy·.-North Liberty Lobe.-The Iowan drift sheet 
forms a lobate upland area in the northern part of the lake 
region. The largest of the five tongue-like extensions ~f this 
drift sheet~l48 named the North Liberty Lobe by Calvin, enters 
the lake region in the northwestern part of Monroe' township, ' . 
-Johnson county, . and extends southeastward across the Iowa 
U7 Iowa Geol. Survey, Vol. XI, pp . . 68 and 107, 1901. 
us The lobat.e 'character of the Iowan drift plain, with the exception of the North Libert)' 
Lobe, has recently been questioned. See "The Iowan Drift" by Wm. O. .Alden and Morna 
K. Leighton, Iowa Geol. Survey, Vol. XXV.I, pp. 177, 179,180, 1917. 
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ri;er valley, the uppermost extremity of the lake oasin, to a 
point one and one-half miles south of North LibertY. The to.:. 
pography of this 'area is in sharp contrast to the surrounding 
rough erosional Kansan plain; from whi.ch it is separated in 
the southern part by ' a fringe of rounded hills, termed "paha" . 
by McGee. (Compa.re Plates X a.nd XI.) Its sur~ace is gently 
undulating and is scarcely scarred by the indentations of 
drainage lines. "Northwest of the village of North Liberty, 
just beyond the reaches of Pardieu creek, the surface is typi-
~ally of the 'swell· and swale' type. Farther northwest is a 
topography of unrelateq. elevations and depressions which has 
a relief of not more than twenty feet and slopes not greater . 
than twelve degrees. One depressiori is occupied by a small 
pond of water while the others are of a slough character. Many 
undrained depressions exist in the northeast quarter of the ' 
plain, notable among which is Swan lake.' 'U9 That portion of 
the Iowan· plain lying squth of Iowa river is practically 'un~i­
·fected by drainage except near its borders. The "somewhat 
higher and more billowy' '150 north lying portion is mor'e highly 
cut up ' by young valleys and ravines whose depth where they 
join the Iowa river valley differs from eighty to more than 120 
feet. 
Shueyville Lobe.-A very much smaller extension of the 
Iowan plain, with similar surface characteristics, lies east of 
the North Liberty Lobe, to which it'is connected. This plain 
is known as the Shueyville Lobe. 
A question has recently been raised by .Alden and . Leighton 
as to whether the remaining tracts of so-called Iowan drift in 
the lake region, known respectively from west to east as the 
Solon, Tipton . and Clinton' Lobes,. really belong to the ' Iowan. 
drift plain.l51 
Solon Lobe.-The Solo!). Lobe as described by Calvin152 "oc-
cupies a low plain when compared with adjacent loess-:c6vered 
a9 Leighton, ' Morris M., The Pleistocene HistoIT of Iowa River VaHey, North and East 
of. Iowa City in Johnson county: Iowa GenI. Survey, Vol. XXV (191'), p. 128, 1916. . 
1 50 Calvin, Samuel, Geology of Johnson County: Iowa GeoI. Survey, Vol. VII, p. " 2, 1897. 
. 151 Alden, Wl!l- "C., .and Leighton, Morris IlL, The Iowan 'Drift, Iowa GeoI. S1l1'Tey, ·Vol. 
'XXVI, pp. 177, 179, 180, 1917. 
152 10",_ GeoI. Survey, V~I. VII, p .. n, 18.97. 
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areas :which are in general highlands of moderate elevation." 
Its surface is smooth. . Like the southern part of the North 
Liberty plain, the Solon lowland area is circuinscribed by a 
belt of paha. Alden and Leighton in their thesis "The Iowan . 
Drift'~; remarking on the Solon Lobe, state, "The writers have 
no definite evidence of the presence of Iowan drift "in this 
area.'H58 
Tipton Lobe.-The Tiptoh Lobe lies on the east side of Cedar 
river which it parallels southward within .~ mile to a mile and 
. a half of Cedar Valley. The surface of this plain is divided 
by Baldwin creek intp two topographically unlike parts. rfhat 
part of the plain to the north and west of the creek "presents 
an exception to the usual lindissected character of th.e Iowan 
surface' '154 and is in all respects Ejimilar to any of the Kansan 
upland . topography bordering Cedar river. The remaining 
parts of the Tipton Lobe "compare with sufficient closeness to 
the normal Iowan dr-ift pla41.' H5~ A~den and Leighton "after 
considering everything, and ' especially ' the erosional .character 
'of the topography surrounding this area"156 doubt if the Iowan 
ice ever covered the tract known as the Tipton Lobe. 
Clinton Lobe.-Similarly, the Iowan age of the Clinton Lobe, 
which occupies but a 'very small area on both sides of Wapsipi-:-
nicoll river in the lake region, has been questioned by these 
same wiiters.m 
Upla.nd Remnants. 
Moscow Remnant.-Two small isolated remnants of the Kan-
san upland occur within 'the lake basin. Of these, the larger 
and· more conspicuous has an area of about one and. one-half 
,square miles and occupies practically all of section .7 and parts 
of sections 6, 8, 17, and 18 of Moscow township, as well as small 
portions of sections 12 and 13 Of Goshen township, in Muscatine 
county. . This island-like hig-hland is separated f.rom the main 
upland to th~ northwest by a distl:!-nce of half a mile and ri.ses 
. I 158 ldwa Geol. Survey, Vol. XXVI, p. 180, 1917. 
154 Norton, win. R., Geology of Cedar County: Iowa Geol. Survey, Vol. XI, p. 372, 1901. 
155 Idem, p . 372. . 
'156 Iowa Gaol. Survey, Vol. XXVI, p . 179, 1917. 
151 Idem, pp. 177 and 179. 
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on the average seventy-five feet above the level surface of the 
surrounding plain, that is, the intermediate terrace: Its sum-
mit reaches an elevation of 760. feet above sea . level at the 
school-house in section 7. This is 110 feet higher than the road 
at the base of the upland in section 8, abo~t three-fourths of a 
mile dire(ltly east, and marks the highest point within the lake 
basin. The bluff-line on the north and east is' cut into the De·-
vonian limestone and is the~efore very well defined. where 
the slopes are not broken by quarries they have an average in-
clination of abo'nt seventeen degrees . . Toward the , south' and. 
especially toward the southwest, the border of the remnant is 
less conspicuous, due to the numerous ~and dunes, and merges 
more gradually into the surrounding lowland. , Sand dunes 
crown the summit. 
10wa qity Remnant.-The Iowa City rem~ant of the Kansan 
upland is less well outlined than the one in the vicinity of Mos-
cow. . It extends southward as an isolated ridge from what is 
now Iowa' Avenue in Iowa City as far as Kirkw:ood Avenue 
and its tQP is followed by the well-namp-d Summit street. From · 
Kirkwood A venue the island spreads out in a general east-west 
direction, .and has the appearance of a large railroad spike. 
Approximately one square mile is occupied by the remnant, 
whose maximum length and width are one mile and one-half 
~ile respectively. It is separated from the main upland by the 
valley of Ralston ~reek, which is half a mile wide. The surface 
of the remnant is loess-covered and in Iowa City it is now modi-
fied by the works of man. The borders oi£,the highland rise I 
five to forty-five feet above the surrounding country and are 
well marked,: especially as seen from the nori;4east, south 'and 
southwest". t o . 
'J ''t~ 
The Bluff ,Line. 
Gencral.-Except for the -river-like extension of the lake ba-
sin, the bluff line is conspicuous for two outstanding features: 
namely, its relative straightness and its smoothly ~]1rving or 
. :rounded · outline at places of indention. Even in the narrower 
arms of the basin, there is indication of these . ch,aracteristic 
features of ' the main lake border, rather than , of the sharper 
". ~ . 
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sinuousities of meander scars. The bluffs are mainly cut in 
the unconsolidated drift materials Of the various till sheets 
bordering the lake basin. Bedrock forms part of the blu:ffs 
in the western ,and southwestern end 'of the English river 
branch of the basin, along Iowa and Cedar rivers north of 'Iowa 
City and Moscow respectively, in the north and east faces of 
the. bluffs of the island-like upland one mile west of · Moscow 
and in a portion of the west facing slope of the isolated upland 
area in the southern part of Iowa City. ' The' rock ' consists 
chiefly of Devonian and Mississippian limestone, although sand-
stone and shale of Pennsylvanian ;:tge form the bluffs at a few 
places. For a description and location of these rock formations 
the reader is referred to ehapter III. Where' the bluffs arE!" cut 
into the country-rock they are exceptionally steep and even pre-
cipitous. (See P[ate XII.) 
Illinoian Bluffs.-In spite of the meandering of Cedar river 
, and the numerous places through which the streams of the up-
land descend to the lowlands, the eastern margin of the lake 
basin. in Muscatine county is remarkable ~or its str~ightness. 
Start,mg from the southeast corner of sectIon ' 32, Cedar town-
ship, the bluff, composed largely of Illinoian till, sand and loess, 
trends northeastward with a striking directness as far as the 
northcentral part of section 6 of ffioomington township. From 
here the bluffs swing in a smooth gentle .curve northeastwarp. 
to the southcentral part of section 28, Moscow township, contin-
Uing thence directly northward for two and one-half miles to 
the valley of Mud creek. From this place the line of bluffs fol-
lows in a more irregular outline the valley of Mud creek. The 
border of {he lake basin just described forms the western mar-
gin of the Illinoian upland. Along practically its entire north-
eastward course of twenty-three miles, its top, is covered by the' 
rolling sand dunes prev,i9usly described. The slopes are steep 
and range in height from one hundred feet or more in the south 
to ~eventy-five feet in the north. The , base of the bluff is 
sharply defined from both the terrace and the flood pl~in, which 
abut against it. Along the margin of the lake basin eastward 
in the valley of Mud 'creek, the line of demarcation between up-
land and lowland is less pr'onounced than in the lake basin pro- , 
, ' 
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r 
per. Nevertheless, a line of division can be drawn. On the 
south side of the valley., the lowland merges into the uplands 
in a fairly smoQth curve . . The north line of the bluffs, however, 
is more sharply defined, rising at· places twenty-five to thi,rty 
feet' above the terrace in the valley. In the small ramifications 
·of the Wilton' Valley arm of the lake basin, the bluff line is, as 
.a rule, more or less indefinite and not more than fifteen feet high. 
Bluffs of the fing er-like extensions of the lake basin.-The 
. bluffs are very pr6nounced and steep in the large finger-lUte ex-
FIG. l1.-View of the northern line of bluff~ in section 18, Wapsinonoc township, Muscatine' 
county. 
tensions of the lake basin, as along Cedar river north of Mos-
cow,. in the :Wapsinonoc valley north of West Liberty, up the 
valleys of English river and Old Mans creek and along Iowa 
river 'north of Iowa City . . This is especially true where these 
bluffs are cut into solid rock. At many places the bluffs reach 
a ' height of 'seventy to eighty feet, .although a rise of thirty to 
fifty feet158 above the level of the riv~r is more cqmmon . 
. Bluffs between West Liberty and Atalissa.-The northern 
bluff line 'between West Liberty and Atalissa in Muscatine 
county,. although it is less abrupt and lower than the bluffs to 
the east or west, is nevertheless at most places. very distinct ' 
1518 L~ightori, Morris M., The Pleistocene History of Iowa River Valley, North and WFst of 
Iowa City in Johnson County: Iowa Geol. Survey, Vol. XXV, p. 157, 1914. 
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and sharply s'et off from the lowland to the south, called by 
Udden' the West Liberty Plain.159 (See :@ig. 11.) The . heights 
of these bluffs range from forty to fifty-five feet. As the map 
(Plate VIII ) shows, this border is also somewhat more sinu-
• 
.r,,. .( i l ,' ' ous than the one which forms. the western margin 6f the Illi-
o 
. noian upland or the line of contact between the Kansan d~ift 
. plain and the lowland, south of W ~st Liberty. . Immediately 
west of Atalissa is a rqUndE}d peninsula-like projection of the 
bluff line rising forty ' to fifty feet above the surrounding 
level plain. , 
. Kansan Bluffs in western" M'Mscatine county.-As viewed 
from the .West Liberty Plain the western bluff line extending 
southwestward from W ~st Liberty in a relatively straight or, 
gently rounded. outline, . has, ~specially . in the vicinity of 
Nichols, an almost even sky ' line. The bluffs rise abruptly 
from the lowland and range in height from less than sixty-
five, feet two miles south of Nichols to ninety feet in section 
26, Wapsinonoc township, and to thirty-five feet in the vicinity ' 
. of West Liberty. 
Kansan "Bluffs in eastern Johnson county.-From the north-
west corner of section 30, Pike township, Muscatine county, 
the bluffs continue their southwest course and extend into 
Johnson county for a little 'over half a mile to' the southeast. 
;part of section 25, Fremont township. In . this distance they: 
maintain their sharp outline, but rise to progressively decreas-
ing heights .above ,the lowland. They are broken by a· gap 
which extends to the corner of sections 23, .24, 25, and 26, but . 
beyond this br"eak the bluff line trends 41 a smoothly rounded 
curve to the southwest corner of. section 27, although it is 
much. less conspicuous and definite. Beyond the southwest 
corner of section 27, the pluffs again show their characteristic 
features, rise 'sharply forty feet above the lowland to the 
west and continue in a northerly direction practically ' to the 
southern limits: of the village of Lone . Tree. North of the " 
yillage as far as 'section 31, S~ott. township,the bhiff line 
presents much less definiteness' of outline and also is lower; 
159 Iowa Geol. Survey, Vol. IX, p. 257, 1899. 
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but maintains its relative skaightness. The , inconspicuousness 
of the border betwee'n lowland and upland is due in large ' 
measure to the numerous rolling tracts of dunes which mask 
the sharpness of the contact line. These dunes in many places , 
cause ablellding of the upland into the lowland and only from 
sorrie distance on the, lowland can the line of demarcation be 
'recogniz'ed. Beyond section 31, Scott township, the line of 
bluffs shows its , prominent features again,_ being easily tr&c- , 
able, at first ,to the' east ,and then to the west and north up to 
Iowa City. A very fine view of the bluffs, as well as of the 
lowlands, is to be had just east of Iowa City where, in sections 
13 and , 18 of East Lucas and ,Scott townships respectively, 
, the old M;uscatin~ road closely parallels on the north side the 
line of bluffs for over two miles. Even in Iowa City, in spite 
qf the evenly paved streets, the walks and the buildings, a 
'sharp break in ,the topogr::Lphy is in evidence and can ,be ' , 
traced fairly distinctly throughout the city. (See Plate XIII.) 
Thus while walking up Dubuq~estreet northward from I the 
Methodist church, one can easily follow on the l~ft hand side 
a sharp rise !\,hich separates the higher from the lower parts 
of the city. Just about at the intersection of Dubuque and 
pavenport streets, this topographic break swings off to the 
northeast as far as Dodge street, whence it turns gently south-
east' until it reaches the Upper or Old Muscatine road from 
which the fine view ·just referred to is to be had. 
Kansan Bluffs south of Iowa City.-Southof Iowa City the 
,bluff line , is very prominent and ,can be followed with ease. 
Its ,slope tQ ~he lowland or terrace is definite and, steep and 
its 'sky line ' is uniform. At Indian Lookout, ' ~ section 34, 
West Lucas township, the :bluffs rise 120 feet above the terrace, 
but , are gradually lower, in the direction of Iowa Junction ' 
wherein section 10, Iowa. township, Washington cou~ty, they ' 
have a height of only sixty-six feet. In the angle between Iowa 
and English rivers, the slope bordermg the flat forms a very 
broad almost in~sible curve without any suggestion of a pro-
, I jecting divide b!3tween the two streams. This same type of 
slope ,which is found also in the ,southern angle between the 
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MAP SHO~ING LAKE CALVIN AT IOWA CITY 
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two streams, may be said to be characteristic of -the bluff line 
between places of indentation. ' 
From Iowa Junction the bluff line extends in a relatively 
direct line with a southeast trend to Columbus Junction in 
, Louisa county. Between these two points the bluffs are about 
140 feet high and for the most part are steep because of the 
lateral planation of Iowa river at their base . 
• TeITaCes. 
General descript~on.-At least three sets of terraces, a " high 
set, an intermediate set and a lower one, occur in the Lake 
CalVin basin. Of these, the inter-mediate terrace, designated 
by Udden in his Muscatine county report as the West Liberty 
Plain/60 is the ,most extensive and continuous. ,It comprises : 
practically the entire higher lowland areas in Muscatine c~mnty 
'and extends southward as far as Columbus ' Junction, Louisa 
county; occupying the higher land area in the triangle made by . 
the junction of "Iowa and Cedar rivers. 
The uppermost or highest terrace is confined principally to ' 
the Iowa river arm of the lake basin. It ,forms the higher of 
the two terraces following the river southward from Jowa City 
to a point about one and one-quarter miles north of Gladwin 
in Lcmisa county. ' Except for several ,small remnants on "the 
'west side of the river, the terrace is continuous and is limited 
to the east side ' of the stream. Terrace,s presumably corres-
ponding to ' this upper one are present in' Mud Creek valley 
opposite Wilto,n Junction 'and on the higher land bordering 
the various branches of Wapsinonoc creek nQrth ' and northwest 
of West Liberty. ' . . '., 
The lower terrace is restricted to the · narrow river-like ex-
tensions and to the western branch of the "V" of the lake 
basin. This terrace, with one exception, is not continuQus but , 
occurs in narrow linear remnants south of Iowa City , and as 
, 'mere remnants' at the bends of the stream' '161 .north of Iowa 
City and possibly nO!'th of Moscow along Cedar riv-er. 
160 Iowa Geol. Survey, Vol. IX, p, 257, 1899. 
161 Alden, Wm. C., and Leighton, Morris M", The Iowan Drift: Iowa Geol. Survey, Vol. 
XXVI, p. 136, 1916. 
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THE INTERMEDIATE TERRACE.1.62 
TOPOGRAPHIC FEATURES. 
Area.-The intermediate terr~ce forms the major porti9n 
of the lowland in Muscatine an,d :(Jouisa counties which was 
designated by Udden a~ the West Liberty Plain. ,The writer's ' 
investigation has led hiIn to the conclusion, however, that tl.le 
West Liberty Plain as described by Udden really consists of two 
lowlands or terraces, one designated in this report as the 
upper or high terrace and the lower of the two as the inter-
mediate. The "two narrow extensions"168 of Udden's West 
Lib~rty Pl~in the "one to the northwest, conSisting 'of the 
bottom lands aJong Wapsinonoc, and : another to the northeast, 
, , a rather ill-defined lowland drained by Mud creek"168 form 
the two terrace re;mnants corresponding to the high terrace in 
the Iowa river arm of the basin. Furth~rmdre the wes~ern , 
portion of "the, northernmost expansion"16'of the Iowa river 
lowlands in Louisa county, which lies west of Prairie creek 
in Oakland township and which "constitutes the south end of 
the West Liberty Plain fhu really forms the southern extrey:ti-
ty of the upper or high terrace alpng Iowa river. 
TopographY.-The lowland or terrace, :which is sharply set , 
off from the surrounding' drift uplands by a line of steep 
bluffs previously described, is traversed from north to south 
by Cedar river which has incised its valley twenty to forty 
feet below the general ' surface of the terrace: The vast plain 
is remarkable for its uniform width. ' For a distance of four-
teen miles out of the twenty-two and one-half miles of its 
length, the terrace maintains an average width of four and 
three':fourths m~es. On the west side of Cedar river, the in-
, termediate, terrace is continuous for its entire length from 
West Liberty or Atalissa in the north to the s01;ltheastern cor-
, ner of section 18, Concord township, Louisa county, in the ,' 
south, whereas to the east of the river, the terrace occurs in 
11!2 In view IOf the fact that Udden's ,West Liberty Plain fonns the major part of the in-
term,ediate plain and since a detailed descl'iption of it has been given in his Muscatine 
county report in connection with Lake Calvin: and is therefore best known lit was deemed 
advisable to consider this terrace first, 
16S Iowa Geol. Survey, Vol. IX, p. ' 257, 1899. 
16' Iowa Gaol. Survey, Vol. XI, p. 61, 1901. 
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·at least nine remnants. The largest of these remnants is the 
one ' on which the village of Moscow is situated and which can 
,t be traced for a distance of seven miles. All of the other ·rem-
nants are very much ' smaller, and have a width , which in few 
Jplaces exceeds one mile. ' 
Alth'ough without 'slope which is apparent to the eye, the 
· terrace has a very gentle dip to the south. The, surface Of 
· tIle plain lies approximately 660 feet above sea level in tl~e 
, northern,' extremity at West Liberty and slopes gently to the , 
southern end ' of the terrace 'in Louisa CQuIity, eighteen miles 
· distant. Here it has an elevation of 615 feet above sea level. 
· Topographically, the intermediate terrace is still in its eariy 
youth for its sui-face is scarcely scarred by stream erosion~ . 
With the exception of . the valley of Wapsinonoc creek, the few 
water courses developed on (the terrace surface are .more in , 
the form of ditches five to eighteen feet deep and a few feet 
to a rod, or two wide rather than well developed young val-
-leys. The larger streams such as Wapsinonoc, Honey and 
, Prairie creeks have develope~ larger 'sags which have on: the 
' average a width, of one-fourth mile and a depth of twenty 
feet. To insure prop'er run-off on the piain, n~erous draU1-
age ditches have been· dug and ., resort ' has been had to tiling. 
Although it is practically flat, the surface of the plain is not 
without some relief. , Scattered over the entire· area, but es- ' 
peci81ly in the vicinity of the Cedar, there are stretches of low 
lying mounds or dunes of sand. ' Some of these are in the 
for:m of long winding and irregular ridges varying in he' ght 
I from ten to thirty-five feet. Their ' position on the plain is ' 
indicated', on the ' map of Muscatine county published by the 
I United States Bureau of SOlIs by the symbol, Ks, Knox .'fine 
_ sand;165 .A: series of sand dunes in sections 12 and IS 1 of Go-
.,shell' township and i ll' section 7 of Moscow township, Musca-
,tine county, OCj:lurs not only on the terrace but also covers 
, the · ~ourheastern ' flank and a large part of the top of the 
~ island'..like upland near Moscow whic¥ has previously been de-
, I 
.. . 
, ;65 u. 's; De~artment of Agriculture, Bureau of Soils, Soil Surv~y of Muscatine County, 
Iowa, Soil ~{'ap, 1916. ' 
" 
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I 
scribed under the heading Upland Remnants. The dunes 1here 
average about twenty ' feet in height. · 
Bowlders on the terrace.-At sev~ral places large bowlders 
lie scattered over the surface, as well as along the base of the 
escarpment ~f the · terrace. At the. base of this escarpment in 
the northeast corner · of section 7; Concord township, Louisa 
county, fifty or more large granite bowlders weighing perhaps • 
on the average a ton each were noted. . At this locality, Cedar 
river flows .at the edge of the terrace. It is alSo worthy of re-
marlr in this connection that these · bowlders are but half a 
mile ~est of the Illinoian bluffs. In .the central part of se,c-
tion 34, Pike township, Muscatine county, a limestone bowlder 
lies on the surface of the terrace and in section 3 of the same 
. township many bowlders are scattered qn the escarpment slope 
as . well as near its edge, high' above. the river 'or flood plain 
level. ' In the same section in the northwest corner of the . 
northeast quarter along the e/Scarpment slope and at its base 
are several granite and greenstone bowlders which have di-
mensions of . one by one . foot. These bowlders are two miles 
east of the lllinoian upLand~ U dden . 31so mentions the finding 
of bowlders "near the south line ~f section 8, in 'Wilton town-
ship . . . and one near the center of the west line in section · 
2, in Moscow 11166 in Muscatine county. . 
Relation to other top'ographic features.-The intermediate 
terrace is sharply set off from the various drift uplands by 
a_ steep ' and well defined line of bluffs already descri.bed. In 
Fremont and Oakland townships of Johnson and Louisa 
counties respectively, the high and intermediate terraces are 
separated, by a well outlined although somewhat sinuous es-
0arpment. The surface of the terrace at the line of contact 
in Oakland township, especially in the lower halves of sec-
tions 3 and 10, is covered with dunes. Among the dune ridges, 
as in the northwest quarter of the southeast quarter of section ' 
8, there are undrained depressions containing . water. At the 
intersection of the road between sections 2 and 3 by the east 
and west road passing through the two Rections, the upper 
166 Iowa . Geol. Survey, Vol. IX, p. 354, 1899. 
. , 
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te'r..race 'is forty feet above the intermediate terrace. The ' line 
of , separation between the 'high and ~ower terraces in the 
Vicinity of West Liberty is equally well outlined. , 
In sections 12, 13, 14, 23 and 27 of Oakland township, Louisa 
county, the intermediate terrace is separated from the high ' 
terrace by a large marshy ' slough Or lowland about one mile 
' wide. The terrace escarpment is sharply defined, is relatively 
free from irregularities and ha,s an ' average height of thirty 
feet. Elsewhere the terrace is separated from the , bottom lands 
of Iow~ 'and Cedar rivers by ' a ~iIiuous ' p.scarpmEmt whose 
'lieight-'- ranges from twenty feet in the' south to almost fifty 
fe~t in the 'north. 
MA'rERIALS AND STRUCTURE OF THE INTERMEDIATE TERRACE. , 
General.-The study of the, materials and structure , of the , 
intermediate terrace 'is practically limited t~ a score of ex-
posures most of which are in the west escarpment of the ter-
race in section 13, Goshen township; Muscatine county. This 
lack of exposures ' is due to the extreme youthfUlness of the 
topogr-aphy and the slight relief of the region. Experience 
shows that in a region 'such as this, where the materials are 
fine unconsolidated · sand, silts and gravels, where the -wells 
are of the' shallow and dug type, and where there is a vast 
amount of changing of. ownership of the land, very little stress 
can be laid on well records gained from the people of the ' 
commu~ity. Most of the wells reported were about thirty feet 
deep and the material penetrated consisted principally of sand, 
although gravel and clay were at times mentioned. The deep-
est well in the area of the intermediate terrace is at Nichols 
and is recorded to have penetrated at least 250 feetIe7 of un-
cOIisoliQated , material. The surface Ip.atedals consist of fine 
yellowish to brownish or drab-colored loesslike silt and sandf'i, 
the latter forIning the sandy and dune areas previously de- ' 
scribe4." Occasibnally, a few scattered bowlders are found dot-
ting the .te:r~ace'l ,surface. 
167 Udden, J . A.,: Geology of Muscatine County: Iowa Geol. Survey, VolJ...IX,; \]1. 1155,' 189.0 • 
. , .. Also U. S. Department of Agriculture, Bureau of Soils, Soil Survey of iYuscatine County, 
l~wa, p. 23, 1916. ' 
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Material and Structure.-Practically the 'only clew as to theJ 
nature of t4e materials composing the intermediate terr8:ce is) 
to be found in: the terrace · escarpments facing Cedar river. 
Although the east facing es~arpment of the modern valley of 
Cedar riv~r has a length of 'thirty-five miles, cuts showing the 
·materials of the terrace are limited ' practically to the north-
ernmost . five or six miles. Out of the nine outcrops expose&, 
within these five or six miles; 'five occur' within a distance of 
three-fourths of a mile in section 13 of Goshen township, Mus-
catine <;Jounty . . As far as could be ascertained from the few 
. ~ 
exposures seen, it appears that the terrace materials in the 
northern part ' of the plain are finer and less ~isturbed than .. 
those farther south. The following section in the western es-
carpment wall near the south line of section 8, Goshen town-
ship, Muscatine county, shows that the material is all finely 
stratified, not disturbed, and consists of fine-grained sand aI\d 
some clay. . 
TERRACE MATERIALS, SECTION 8, GOSHEN TOWNSHIP. 
MUSCATINE COUNTY. 
FEET INCHES 
A. .Loesslike cla.y •.. ,..._ ............... _ .......................... _ ....... _ ..•.• _._._ ....... __ ._.. 2 
B. White, fine·grained stratified sand containing many small pebbles 
or grains, mostly o~ . c~ert or quartz ......... _ .... _ ... _ ... _._ ... _ ..... _._. 2 
C. Chocola.te·colored fine· grained sand ......... _ ............... _._._ .• _ .. __ 3 -
D. Iron oxide nodule layer ......... _ ... ~_ ... _ .. _ .. _ ...... _._ .... _ ....... _ ...... _._. . ~ 
E. Fine laminated pebbleless clay or' silt· ....... __ ._ .................. _._ .. _._ 1 
: F. White stratified fine· grained sand, containing some clay ...... _..... 2 
G. Fine laminated. fine· grained sand, laminre one·fourth of an inch 
thick and of various. colors as chocolate, brown, yellowish and · 
white, exposed ... __ .. _ .......... _ ............. _._ .... _ .............. __ ._ .... _ ... _._ .... _. 2 
H . . Slump ......... .; .......... _ .......... : ...... _ ..... __ ...... , .... _._ .............. _._ ...... _. __ . 25 
In the five exposures in section 13 of the same township, 
one mile, south of the cut just described, the materials are 
similar ,. to those mentioned. The sand is .fine 'to m(;)dium-
\ . grai1:led and ' has a d.ominant . white oolor. The i stratification 
. is essentially horizontal and thin. 'Some cross}-bedding and 
contortion of the beds occurs as is indicated by the lower bed 
No. H shown in .the following diagram (Fig 12) 'and section. 
· . SECTIONS IN THE TERRACE 
,',.' . , FEET 
.A. Brown sandy: soil __ .... _._ ....... _ .... ___ ._._._ .... __ . __ . __ ._._._ .. __ 1 
B. ,Brown medium-grained sand, poorly stratified __ ... ___ . __ .. _. __ ._.,. 3 
C. Yellow, light colored medium-grained sand, stratified _______ 1%-2 
D. B;ard dark brownish medium-grained very resistant sand _____ 1 
E. Medium to coarse-grained light brown sand, cross-bedded : ______ _ 
F. Fine light yellow stratified sand _. ___ . . . ____ _ 
G. Resistant ,brown sand, medium grain~d ____ _ __ 1/3-2 
lL Thinly bedded layers of brown and lIght yellow sand. Contorted 
layers an in~ ~hick, exposed _..1.._ ••• ___ ......... --.--_ ............... -._.. 2-3 I. Slump _ ....... __ . __ . ___ .~ ___ ._ ... _._. __ .. ___ .... __ .. _____ . __ ._ .. 30 
FIG, 12.-Diagram- of exposure in tbA west terrace escarpment, southwest 
corner of section 13, Goshen township, Mu+catine county, See 
the section above. . 
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An idea of the prevailing fineness of the material may be 
had from the following photograph taken in the southeast 
corner of 'sect~on 13, Goshen township'. 
\, 
In all of the exposures so · far indicated, the material de-
scribed forms the upper portion of the cuts; the lower half 
being hidden because of the heavy slump. However, on the 
opposite bank of the river east of the outcrops in section 13, 
ma gully four to five feet deep, in section 16, Moscow to'wn-
\ 
\. 
\ ' 
• 
I. 
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ship, the sand is brownish .and fairly coarse. Besides the 
sand, a gravel bed four feet thick and containing cherts, 
quartzites and b.ther igneous rocks, is in evidence. The gravel 
is of low textural range and the diameter of the larger pieces 
does not exceed two inches. In elevation tl,lis gravel bed occu-
pies a position corre~p?ndi~.g to the. lower five feet of the above 
FIG: IS.-View of terrace material showing the fineness of t~ 
deposit.. . 
described exposures in which that part is hidden from . view 
by' slump material. 'This great difference in the texture and 
color of the deposits as seen in the exposures on the west and 
east sides of /Cedar river suggests that the two terraces may 
not be 0; the same age. This view is substantiated if one ac-
! . 
. ...... 
I' 
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cepts the opinion of Udden168 that the terrace on which Mos~ 
cow is situated is younger than his West Liberty Plain. On 
comparing the elevation of the terraces at MoscO'w and on the 
'west side of the river, it is found that there is a difference of 
four feet in elevation. The terrace' at Moscow li~s ·654 , feet 
above sea level and at AtalIssa, five miles ' farther to the ~est, 
FIG, 14,~View, of the highly cross·bedded sands in the terrace in section 26, Goshen township, 
Muscatine county, • 
the elevation is 658 feet. This Closeness of elevation suggests ' 
to' the writer that there is but one terrace. Furthe~more, Ud~ 
den mentions in conneotion with his discussion on ' Lake Cal-
vin "riffles of bowlders" in the bed of the river "at the old 
ford in section 36 in Goshen Township.' '169 Also" On sec.tion. 
32, in Orono township, the river cuts into the gravel on' the 
168 Iowa Geo!. Survey, Vol~ 'IX, p. 861. 1899. 
169 Iowa Geo!. Survey, Vo!. IX, p. 855, 1899. 
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piai'n bed. "170 Thus it · appears that the base of · the . inter-
mediate terrace is composed of coarser. and more gravelly de-
posits than is . tHe upper part. 
The next exposure of terrace material south of the cuts in ' 
section 13, on the west side . of the river, is in section 26 of 
the same township. Here, as in the other sections, the sand ' 
is prevailingly whit~ and its stratification is"on the whole very , 
fine. Ci.'oss·~bedding, lenses and unstratified thin sandy ' cl~y 
layers are in evidence. The cross-bedding dips to the east 
. ,I lith an augle of about twenty-three degrees; See the preceding 
'photograph. In this highly cross-bedded sand there are nu-, 
merous thin layers of pebbles, the largest of which . have a di-
ameter: under one inch. (Fig. '14.) . In the exposure, a section 
of which f-ollows, the uppermost crossbedded sand, No. D, 
shows more irregularity in its structure than the lower bed, 
No. G. Compare figures 14 and 15. ' . 
. TERRACE MATERIAL, SECTION 26, GOSHEN TOWNSHIP. 
MUSCATINE COUNTY. 
FEET INOHES 
A. Very nne silty soil, in places peaty, appearances of indefinite 
stra,tification ..................................... M ................................ _.................... 2 
B. Pebbleless leached sticky 'clay., the upper one f.oot of which is of 
a chocolate color and grades downward into an ash·colored clay. 
At places the ashy clay grades down into an · extremely , fine· 
grained silt or sand · which shows cross·bedding. Stratification 
extremely fine. Contact between this and underlying bed ir-
regular ........................................................................................................ 5·7 
C. 
D. 
E. 
F. 
G. 
H. 
I. 
Whitish fine· grained stratified sand with some brownish . inter· 
bedded layers. Stratification practically horizoptal and wavy, 
at places, upper hltlf i~ finely cross·bedded ........................................ 1·3 
A whitish and iron stained sand .showing both highly cross·bedded 
and lens type of structure. Some lenses consist of a very fine 
clay or silt. Sand fine to coarse· grained, with many thin inter· 
bedded pebble lltyers ....................................... .;..................................... 2·3 
Phocolate·colored , clay or silt. extremely fine and full of moisture 1.5 
park gray clay or silt, similar to E................................................ 1.5 
.Whitish and iron stained cross·bedded sand, dipping east with an 
angle of 23 degrees. Sand full of thin coarse pebble lavers........ 3 
Whitish horizontally bedded sand with numerous small pebble . 
layers, stratification. fine; exposed ...................................................... 2·3 \ 
Slump material ........................................................................................ .. 
Between th~ c:r:oss-bedded divisions, D and G, there are two 
l~yers of an extremely fine clay or silt containing much mois~ 
ture. . The total thickness .of this clayey material is three 
ITO. Idem, p. 355. 
! . I . 
. I 
THE TERRACE IN TilE CEDAR VALLEY ' . 1,43 ' 
. inches. · Ove!lying the stratified sands and separated from 
them by an , irregular line of contact or erosional unconfoFmi-
ty is a pebbleless leached sticky 'ash-colored clay which at 
places .grades down into an extremely fine-graded silt or sap.d 
FIG: 15.--':'Yiew of' the irregular stratification of bed D in the ~ame exposure 
as shown in figure 14. 
which is very finely stratified and cross-bedded. . This clayey 
deposit is presumably loess. 
. Other exposures shovving the nature of the intermediate ter-
race deposit . were . seen on both banks of the recent Cedar 
yalley as follows: (1-) in sections 10 and 2 of Orono and Cedar · 
townships resp~ctively: (2) two and one-half milesnQrtheast 
of Conesville and (3) in sections 13 .and 2 of Oakland township I 
) , 
c 
J 
, . 
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in ,LQuisa county. In sections 10 ·and 2 of Orono and Cedar 
townships the material consists of a ii.ne to medium-grained 
brown sand containIng numerous pebbles of low textural range. 
In ' section 2' no stratification is visible, whereas in section 10 
the sarids show cross-bedding. ' The deposit in the escarpment 
facing Prairie creek slough in the northwest corner of sec-
tjon 13, Oakland township, consist's of very fine silt one-half 
a foot thick, ,overlying roughly stratified, brownIsh to red 
,colored, fine-grained sand. . Several other exposures which 
were, visi~ed reveal sands a~d structures which are similar to 
those described. . 
On page 361 of the Muscatine county report/'71 Uddeh states 
that "At Mosco~ the town is situated on a ,terrf1(~e which ap~ • 
pe~rs more recent than the W e~t Liberty Plain. East 9'f the 
r~iIrQ~ deyot ' an excavation -in thls 't~rrace, twenty f~e~, 'deep, 
- shows (:l,. ,.struci'!lreless, yellowish surface sand . two f~et deep, 
resting on a' 'Yliite or gray sand :r:ather free from graveL" As 
. , . f. 
previously indicated; the writer is of the opinion that this 
terrace is a part of the intermediate terrace. If we consider 
the elevations, we will find that the terrace at Moscow is 654 
feet above sea level and the intermediate plain at At~lissa, ~ 
:which is five miles to the west, is 658' feH' above sea level. The 
material described by Udden doesJ~riot ·differ ... ~~sentil;l.lly t l6m 
that of the intermediate , t~rrace; As the terrace istr'tSed 
~ i'~~,~ . " ,,~ 
northward, it is found to J.~~ ~p.Re:covered·, 'ap,d ' on ~e ;wes~ ;si.§..e 
of the river in section 26, Iowa township, Cedar county/ Jt'li 
'. i 1· ... ,\ ,. , ~,)~..,.. .t 
twelve foot exposure of extremely 'frhe 'white stratified sarid is 
overlain by a deposit of If;~ss five"to eight feet thick. Evid~rice 
,of quiet water conditions. is seen also in a terrace cut a(ong a 
creek tributary to the Ce~ar in the 'southwest corner of section- . , 
22 of Iowa township. Prl;tctically all ' of the material is a :tine 
stratified silt. 'The section is as follows: 
f ~ • 
TERRAOE MATERIAL, SOUTHWEST CORNER, SECTION -22, 
IOWA TOWNSHIP, CED4\R COUNTY. 
FEET 
A. BroWnish pebbleless loesslike clay ____ . __________ . __ . ___ .. _ .... _ .. _. __ . ________ ........ ___ . ____ ...• 5 
B. Brownish, ash·colored silt or loess, extremely hard to pen,etrate. Iron 
mottled and containing pipe stems ... _ .... _ ...... ____ . ______ ... _____ .... ___ ........ _.: __ ... __ ._. 5 
171 Iowa Geol. Survey, Vol. IX, 1899. 
, I 
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_. FEET 
C. Finely laminated ash-colored .silt, iron stained layers ... __ ..... _. __________ . __ ... _ .. ;. 1·2 
D. Fine almost fatty laminated brown silt, interbedded. with an ashy silt._.:. l·ll 
E. Ash·colored silt or clay, exposed to water lev~l ... _ .... _ ......... _ .. _ .... __ .~._ .... _ 3 
Alden and Leighton in their report "The Iowan Drift"172 
indicate that some of the deposits of the terrace along Cedar 
river south of Rochester "may have resulted from slack-watel' 
during the Illinoian stage.' ms 
THE HIGH TERRACE. 
TOPOGRAPHIC FEATURES. 
I1istorical.-The presence . of at least two .terraces 4t the 
Iowa river arm of the lake basin had been noted as early . as 
1891 by McGee.174 However, . from the map showing the 
surficial formations of northeastern Iowa accompanying Mc-
Gee's classic monograph . on the Peistocene History of North-
~astern Iowa, it is apparent that the high terrace of this re-
port was not recognized, although on page 432 McGee states: 
"The principal parf of Iowa City, including ·the university 
campus, is on an elevated terrace of loess 60 feet above the 
river, and there is a narrow terrace just beyon~ the reach of 
the floods." The first part of McGee's description applies well 
to the high terrace of this report, for it lies about sixty feet 
. above the ri'Wlr and also un~erlies most of Iowa City. Yet Mc-
(ffle's surficial map does not show it. His second terracernight 
correspond to the lower one as mapped and described in this 
report were it not for the following stateme~t quoted from the 
same paragraph "and as the bottom lands expand below Iowa . 
City they divide into terraces simila.r to and eventually merg-
. ing with those of the Lower Cedar." It seems that McGee used 
the term" terrace" rather freely,. for but two terraces, the 'high 
and the low, occur along Iowa river and these two eventually 
do unite with those of the lower Cedar. It appears also from . 
the report on the "Geology of Johnson County nl15' that Calvin 
did not recognize two systems of terraces. No description of 
112 Iowa Geol. Survey, Vol.' XXVI, Report' for .1915, 1917. 
17S Idem, p. 136. 
114 McGee, W J, The Pleistocene History of Northeastern Iowa, U. S. Geol. Survey, Elev· 
enth Ann. Rep't., p. 432, 1891. . 
115 Iowa Geol. Survey, Vol. VII, 1897. 
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the upper one is found in his report and by comparing his sur-
ficial map with one showing the two sets of terraces as. mapped 
by the writer, it is evident that at the time his report was writ-
ten, in 1897, but one terrace was recognized. Hence, the map-
ping and describing of this · important feature, the high terrace, 
appears for the first time. 
Area.-By far the greatest development of the high terrace 
is confined to the east side of Iowa river, where it can be traced 
without interruption from Iowa City south to sections 10 and 
15, Oakland township, Louisa county, a distance of nineteen 
miles. Throughout the middle portion of its extent, in Pleas-
ant Valley township, J ohl~s6n county, the terrace maintains an 
average width of two miles. South of River Junction and Lone 
Tree the plain . is wider so that a maximum width of almost 
six miles is attained three miles south of the above-mentioned 
villages. Still farther · to the south,due to the encroaching of 
Iowa river, the terrace 'is restricted to a narrow neck les8 than 
half. a mile wide. connecting a somewhat wider portion in sec-
tions 3 and 10 of Oakland township, Louisa county. In sec-
tions 11 and 12, Pleasant Valley township, Johnson county, a 
narrow penin'sular-like projection of the terrace extends west-
ward for almost two miles. To .the north pf this hook, the' 
high plain is marked by three indentations, the first of which is 
in sec.tion. 7. and is made by the flood plain · of. a small tributary 
of ~owa river, The second ind~mtation, which is in the form of 
a ;narrow valley and is pccupied by the lower terrace, lies im-
mediately to the north in sections 36 and 31 of East Lucas and 
Scott townships respectively. The third and largestirregu-
lari~y consists of a well defined finger-shaped indentation, one · 
and one-half miles long and half a mile wide. In the vicinity 
of Iowa' City the terraCle has a width of three miles. 
On the west . side of the river, the high terrace is not con-
• tinuous, but occurs as small isolated remnants, the largest one 
of which is tp.e valley of Old Mans creek, and occupies portions 
of sections 4, 5, 9, 15 and 16 of Liberty township and sections 
31 and 32 of West Lucas townsliip. Its width is · between one-
fourth and one-half . mile and its -length is four and one-half 
miles. This terrace is best developed in section . 9 of Liberty 
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township . . Smaller remnants are found: (1) at the iron bridge 
crossing Iowa river to. the city park at Iowa'-·CitYi . (2) .on 
hothsides of English 'river at the junction of the Iowa .and 
English river valleys i and (3) in sections 16· and 17 of Union 
township, Louisa county. (, 
The higher terrace ' rises ' distinctly a:nove the lower one to 
the west,' forming a very sharp' and straight escarpment, which 
on the ' average is thirty feef~)hig1i; . Near Iowa City it lies 
sixty feet above Iowa river~) \vhile it. is fifty f.e.et high in th~ 
vicinity of Hills and tJti~t-Y-,t"'fO feet high in section 16, Oakland 
township, Louisa C~1;t1rt: I, .. , It has an elevation of 680 feet. above 
sea ,ievel' i£ ,tWt Vfpihit. of Iowa City, ,but to the south it is 
lower, re'~c1i~g,~~>:he:ight of 670 feet near Hills. six to ' .seven 
miles below "',' 'a: :~' Citv, and 660 feet tw~ miles south of River 
.. ' ~-,-. "... ;~ .. I.. 
J uRciiqn. '~ri~ '.'. e .lower , two tiers ~9f sections in Fremont town-
~hip, J~ '. ~ ·.county; t~e .plain is again somewhat hig4er, ap-
pr'oxim >", "g an elevation 'of 680 feet :. above. sea level. From 
the Sl ;y!:{ttions' mentioned, isit apparent that the surface of the 
terra~~~has amuch gentler slope-one and four-tenths feet peor 
mile-*~han the intermediate terrace in Muscatine countv. Im- ' 
••• ,:", ,f< • ." 
medt~tely south of the island-like upland at Iowa City, ' but es~ I 
pecially in sections 22, 23 and 26 of East Lucas to'wnship, the ! 
terrace border' is bounded by low linear ridges of sand dunes. 
Duries ten to :fifteen feet high heighten the terrace escarpment 
o( the peninsula-like extension of the main terrac~ in sections 
1, 2; 11 and 12,' Pleasant Valley township. Sand 'dunes are of 
common occurrence along the terrace margin . south of RiV'er 
Junction. . 
Topography.-':"'The most remarkable feature. of the high ter-
race is its exceedingly straight border or escarpment where 
it is in contact with the low:. terrace. Where the flood plairi of 
Iowa river abuts ag~iIi.st It, ,as · south of River j ~nction, the 
border is marked by numerous largie irregularities of a," type 
which is common to regions bordering courses of :nteandering 
streams. This straightness of the terrace margin where it is 
in cbntact with the lower terrace is not confined to the east side 
of the river, but occurs also on the west side and in the valley 
of Wapsinonoc . creek north of West Liberty. 
I f 
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Topographically; the high terrace can be divided into north~ 
ern and southern sections, the former including the area lying 
between Iowa City ,and the general latitude of Hills, the lat-
ter comprising ,all of the plain south of the above section. The 
northern section is characterized by a flat featureless surface 
in which the streams have cut but shallow and insignificant val-
ley&. In sections 25 and 30, East Lucas township, the, plain 
is especially flat as .can be s~h fr~m the following photograph. 
FIG. 16.-View showing . the flat surface of the high terrace in section 25, East Lucas town-
ship, Johnson county. 
The topography of the southern section is gently undulating. 
Compare figure 16 and figute 17. Its surface is marked by 
low elevations which in sections 13, 18, 19, 24, 25 and 36 'of , 
Pleasant Valley township rise twelve to fifteen feet above the 
general surface. Wherever the elevations are cut by roads 
they reveal a fine-grained sl;tnd without pebbles and undQubt-
edly they are dunes. Numerous undrained. depressions, many 
of , which are marshy and some of which contain ponds, were 
seen dotting the surface ' among the dunes. In sections 19, 24, 
25 and 30 of Pleasant Valley township the sru:face of the ter-
. . 
---- - - --, --- -,-,--- - -~--~ 
HIGH TERRACE , IN JOHNSON COUNTY H9 
rac~ rises somewhat higher than the surrounding country; 
This led the writer to map it at first as a northwestwa'rd pro-
jection of Kansan upland. Closer exarination, however, re-
vealed the fact that the surface really consists of a series of 
broad and low elevations between which are undrained depres.,. 
siems. The material, as seen in the road and in the farm-yard 
in the northeast corner of section 30, consists of a fine-grained 
white to yellow structureless sand. ' Further work finally de-
monstrated a gentle break in the slope ' of the topography to 
the east of the supposedly tongue-shaped extension of the up-
land. Farther south, as in the lower tier of sections in Pleas-
I 
FIG. 17.--View showin~ the g<lntly undulating topogranhy of the high terrace, section 19, 
Pleasant yalley township, Johnson county. Compare with figure 16. 
ant Valley township" the undulations are more pronounced, , 
the dunes havmg a height of thirty to forty feet. Ponds are , 
present between the ' undulations. Most of the dunes are not 
migrating but are under cultivation and at places .are covered 
'by groves of trees ~hose diameters measure as much as one 
'and one-half feet. In general the undulations trend east and 
~rt , 
,- Similar topography prevails', south of ' the Chi~ago, Rock Is-
• -land and Pacific railway tracks between River Junction and 
Lone Tree. The impressjon 'gained on viewing the topography 
is that the plain is the Kansan upland sloping gently we;t and 
- --_._ ----- -
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southwest and. the barometric elevations show this to be _the 
case. The gentle upland slope was modified by some agency, 
which gaV'e it the undrained-depression type of topography. 
This same impression is gained where the high and intermedj-
ate terraces come together in 'Muscatine and Louisa counties. 
In the oonter of section 33, Fremont township, Johnson county, 
there is a knoll somewhat higher than the surrounding land 
(Fig.'18), and the road which crosses it is very sandy toward 
the top of the ridge. To the south, the region lies forty to 
fifty feet lower, but rises again, however, to the same height at 
the edge of the terrace one mile distant. This knoll appears to 
FIG. l B,- View showing the knoll on the high ter race in the center of section 33, Fremont 
township, J ohnson coun ty. 
be the terminus of a high strip of country extending in a north-
west direction through section 33 and the lower half of 29, into 
section 30. .. 
Relation of the high terrace to other topographic feat~tre'S.­
The high terrace is distinctly differentiated from the interme-
diate plain by a well defined escarpment which in section 3, 
Oakland tokship, Louisa county, reaches a height of forty 
feet. From the center of the western section line of section 
11, Oakland township, to River Junction, the terrace is bor-
dered by the present flood plain of Iowa river, with the excep-
tion of one lo~ality. In sections 32 and 33, Fremont to"\VIlship, 
J ohllson county, and sections 4 and 5 of Oakl~nd township in 
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Louisa county, a small remnant of the low terrace Joms the ' 
higher plain with a "smoothly curving escarpment twenty feet 
high. It is iIi this part of the terrace lying south of River 
Junction that the sinuous border o~ the escarpment is found. 
The height of the high terrace above the flood plain differs 
.from place to . place. In the southern exten sion of the plain, 
in sections 9, 10, 15 and 16, Oakland township, where much of 
its prominence is lost, its surface lies between 'twenty-five and 
thirty feet above the floo.d plain. In section 4 of the sam~ 
township, the ,escarpment bluff has attained a height of sixty 
feet. Twenty-five feet is the average height as far north as 
section 12, 'Fremont township, Johnson cOl'mty, where the ter~ 
race bluff is forty feet high. North of River J unction, th~ 
. I 
high terrace is separated from the lower plain by the strik~ 
ingly straight escarpment previously described. On. th~ averr 
. age, there is a vertical difference of thirty-five feet betwe~n the 
(.. l 
two surfaces. \~ : ' ,'! 
On the west side of Iowa river, the larger terrace remnant 
in the valley of Old Mans creek is separated from the river 
flood plain by a steep bluff forty~eight feet high iWhichgive~ 
it a: height-of thirty.feet above the low terrace:.> Here, t90, the 
characteristic strrught escarpment is ' in evidence. rt~e' north,. 
ern isolated rem.I).ant in the English rhrer valley . lieR. at .lea8t 
fifteen feet above the lower plain to the east and thirty-five 
feet above the bottom land of the river. The surface of the 
remnant on the south bank of the river is twenty-five feet 
above the 'low terrace. '<' 
MATERIALS AND STRUCTURE 0]' THE TERRACE. -
. ,. 
Materials and structure.-An examination of all · the expo-
sil.res in the high terrace rev~als the fact that :rp.ost of the ma-
terial is fine-grained, brown to white, horizontally 'bedded sand 
overlain by a deposit of loesslike clay which averages four feet 
in thickness. Sections in the northern part of the plain are ex-
tremely few in number. In the southwest quarter ' of . section 
24, East Lucas township, a few feet of horizontally bedded silt 
is exposed. · Mong Snyder creek, ten to fifteen · feet of fine, 
horizontally stratified sand appears in the north bank of the 
J 
, ' 
J 
'152 - LAKE CAL YIN 
creek at 'the crossing of the roads between sections 36 of East 
Lucas and 31 of Scott townships. The ' best outcrop of sands 
and silts is in the north bank of the ,wagon road cut between 
sections 13, and 24, Pleasant Valley township, two and one-half 
miles east of Hills and one mile east of a type section in the 
lower terrace to be described in the forthcoming ' pages. (See 
fig. 19.) The section follows: 
!'Ia. 19.-Yiew of an outcrop of fine sands and silts in the high terrace exposed in the north 
bank of the wagon road cut between sections 18 and 24, Pleasant Valley township, 
Johnson county. ' ' 
TERRACE MATERIAL, HIGH TERRACE, TWO AND ONE·HALF MILES 
EAST OF HILLS. 
FEET 
A. Lollsslike clay ......... _ .......... _ .............. .:... ..... _ .... _ .... .: .......... _ .......... _ .......... _ .... _ .... _. 2-3 
B. Extremely. fine· grained, yellow to brown sand or silt. Stratification ' 
essentially horizontal, somewhat wavy. Lamination fine, lithological con-
stituents uniform; ' exposed ............... _ .... _ .... _ ................ _ ...................... _ .... _ ....... 3·7 
Four cuts in the terrace surface in sections 31, 32 ~Iid' 36 
of the same towm;hip reveal the' same type of fine horizontally 
bedded sands or silts. In these exposures, the stratification is 
horizontal and lacks the minor wavy und:ulations seen in the 
exposures east of Hills. It appears from the ' outcrop in the 
. south b~mk of the creek in the northeast quarter of section 31 
,that the terrace is composed entirely of this fine-grained lami- , 
" 
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nated material. Here the twenty .fe.et of sand is exposed within 
two to three feet ·of the level of the rolling plain. . Similar out-
crops of fine silts are found in , the center of section 4, Oakland 
township, Louisa cOlmty, four and one-half miles .south of Lone 
Tree and in the south bank 'Of the wagon ro'ad cut in the cen-
ter of section 3 of the same township. 
Only two exposures of the terrace material were seen in the 
terrace remnant in the 'valley of Old Mans creek. One of these 
is in a small gully in. the terrace escarpment in the wesfurn 
part of section 10, Liberty township, five miles south of Iowa 
Cjty. The materials are as follows: 
TERRACE MATERIAL, SECTION 10, LIBERTY TOWNSHIP, 
JOHNSON ·COUNTY. 
FEET INCHES 
A. Brown to reddish fairly coarse·grained sand, grading into a 
whitish to grayish clay or silt, leached and structureless ................ '17 
B. Reddish to brownish black gumtJo·like material, sticky when wet, 
practically free from grit. Material thoroughly leached. Surfaoo 
uneven ............... _ .. , ....... _ ........ _ ....... _: ...... ~._ ..•..... _ ........... __ . ... __ .... _.. lh.13 
C. Buff to ash·colored clay, ' gritty, pebbleless, leached; exposed..._... 2 
The relation 'Of the · gumbo-like material, B, to the other 
material is indicated in the diagram below, figure 20. The top 
FIG. 20.--Diagram showing the relation of the gumbo·like material, B, to the material A and C. 
of the terrace at this iocaJity is thirty~two feet above the flat 
to the east, and the black sticky material, B, is fifteen ' feet 
above the flat. · A similar gumbo-like clay outcrops one hundred 
yards to the southeast at practically the same level. Also the 
log. of .the well at the house two hund~ed feet or' so north of 
• 
, J 
I 
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the first outcrop indicates a black band having a thickness of 
six inches. This well is approximately sl...'dy feet deep and 
the black layer is struck forty-five feet below the surface. The 
owner of the well also reported sixteen feet of gravel below the' 
sticky material. The top of the terrace at th~ house is forty-
eight feet above the lowland to the east, thus bringing the 
black layer about three feet above the lower fiat or twelve feet 
lower than the deposit at the first described locality. Another 
exposure is half a mile farther to the southwest in Po shallow 
ditch on the east side of the wagon road at the corner of sec-
tions 9, 10, 15 and 16. Four or five feet of leached sand and 
clay similar to those seen at the first lo~ality is exposed llere 
also. The layers, which ·are trunly laminated, show more or 
less. irregular bedding, which, however, can be explained readily 
as being due to the settling of the material after the road was 
construCted. A deposit of four to five feet of loesslike clay 
lies over the sands. The surface of the terrace at these sec-
tions is fiat. 
Most of the outcrops seen sQuth of the railroad tracks be-
tween River Junction and Lone Tree differ somewhat from 
those to .thenorth. In addition 'to the fine-grained sands or 
silts of the northern exposures, 'the southern sections show 
layers of coarse-grained sand and fine pebbles. Cross-bedding 
also is more in evidence in the coarser material and it is noted 
that the cross-beddinr- is fine and variable . in direction. It is 
further worthy of remark that the material is of low textural 
range, large pebbles being entirely absent. Thesecross-bedded 
layers are interstratified with t~e predominatingly finer hori-
. 2iontally bedded material. A typical section follows: 
TERRACE MATERIAL, HIGH TERRACE, .SOUTHWEST ' CORNER, SECTION 
24, FREMONT TOWNSffiP, JOHNSON COUNTY. 
A. 
B. 
C. 
D. 
E. 
. FEET Loesslike clay . ______ : __ _____________________ ______ _____________________________________________ ______ __________ , 4 
Medium to coarse-grained yellow to 'brown sand, very fine' cross-bedding 1 
Very fine dense bluish sand with irregular lenses grading into a coarse-
grained . sand which .is highly and finely cross-bedded; numerous small pebbles and pebble pockets _____________ ________________ ._______________________________ : .. ______ _____ 8 
Brown, horizontally stratified sand containing thin layer~ of very small 
pebbles, lower portion coarser grained and cross-bedded _____________________ . _______ 12 
Dark brownish to blue-black joint clay containing much wood.. Surface 
of till covered by bowlders of all descriptions of which many are in the 
form of shingle; exposed to water's edge ____ . ____ .... __ ............ _ ... _ .... _ .... , ..... _ ..... 10 
• 
\ 
I -
SLABLIKE BOWLDERS OF HIGH TERRACE 155 
The cross-bedding of sand C, which is rather unusual for the 
high terrace deposits, ~s' represented by the diagram, figure 21. 
It may be noted that a good many of the gravelstones, cobbles 
and bowlders which were seen lying between the stratified ma-
F IG. 21.- - Detail of cross·bedding of bed C in the high terrace sands exposed in 
the sou thwest corner of section 24, Fremont township, Johnson 
?ounty. 
FIG. 22.-View of the slabJike igneous bowlders lying on the surface of the till and beneath 
str atified terr ace deposits in section 23 , Iow a township, Washington county. 
terials and the .till in the various exposures along the ba:nk of 
the Iowa river are flat or slablike. Not only is this tru~ of 
the softer local limestone, but also of the harder igneous ma-
terial. (See Fig. 22.) . 
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THE WILTON VALLEY TERRACE. 
Area and topography.-According to Udden, the terrace 
'along the course of Mud creek up to Du.rant is a northeastern 
extension176 of his West Libertv Plain, or the' intermediate ter~ 
race of this paper. Because oi the difference in the material 'of 
the two ' terraces ,and because of the interrupted profile of the' 
gradient of their surfaees 'when these are connected, as illus- ' 
trated in figure 23, thle writer is of the opinion that the Wilton 
valley terrace is not an extension of , the , intermediate plain 
, " but rather a higher terrace , corresponding to the high terrace 
in Johnson countv. The terrace is continuous and can be 
. , 
traced eastward without a break on both sides of Mud creek, ' 
from sections ' 2 and 11, Moscow township; for a distance of 
over seven miles beyond Du.rant. Th€'. terrace is well defined 
and its surface is fl~t (see figure. 24) a.,nd not obscur~d by sand 
69'0 
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'FIG. 23,-Diagram showing the interrupted profiles of the surfaces of the Wilton Valley and 
Intermediate terraces when the two are connected. 
dunes. In width" the northern part average~ half a mile, 
whereas south oLt:n~ , creek the terrace is three-fourths' to one 
mile wide. Its surface, w:p.ich lies thirty to forty-five feet 
above Mud creek,meets the valley walls in a gentle slope. 
Materials and Stnict,ure.-Exposures in the terrace are 
fairly nunierous. Good outcrops are to be had in aimost every 
section through which Mud ereek flows, from section 11, Mos-
,cow township, to the villag~ of 'Durant. , In general, the ma-
terial composing the furrace is as follows: 
116 Iowa ~Q,!, Survey, Vol. IX, p. 257, 1899. 
--- - - -- - -----
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FIG. 24.-View .of the Wilton Valley terrace showing its flat surface and' the gentle slope of 
the valley walls. View taken one mile east of Wilton Junction. 
A. Loesslike clay. . 
B. Stratified sand, usually fine-grained. 
}'IU. 2i?-ViE!~ showing the finely laminated silts exposed in the Wilton Valley 
.terrace, in the southwest quarter, northwe8t . quarter 0 se,<~~Jim ' . S, 
Wilton township,. Muscatine cou~ty. , 
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C. FIlnely laminated silts or clays. 
D. Stratified sand, more gravelly to the west. 
The deposits seen in the various outcrops are or such a uni-
form character th~t they may be represented by the two fol-
lowing typical sections, one showing the prevalence of finely 
laminated silts or clays in the eastern half of the valley and 
the other showing a predominance of fine stratified sands in 
the western end of the valley. The type exposure of the lami-
nated silts or clays is .in the · southwest quarter of the north-
west quarter of section 3, Wilton township, three miles east 
of Wilton Junction. At this place Mud creek makes a sharp 
. " fl!) ' ':') : . : . • ,,' ... {' .'1" • '/ _ "I" ,'-. L 
FIG. 26.-View · showing the la.mj"ated, . ~i1~~ ·. ,qf fi¢re 25 e:gl,qsed within a 
few feet of the tertace surface.'· " 
.. 
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bend toward the north. The exposure is in the south and east 
bank of the terrace escarpment which rises thirty-five feet 
above the creek level. Figures 25 and 26 illustrate the mater-
ials at this place. Tl).e section is as follows: 
TERRACE MATERIAL, WILTON VALLEY TERRACE. 
Sw. 14, Nw. 14, SEC. 3, WILTON TOWNSHIP, 
MUSCATINE COUNTY. 
. FEET · 
A. Loesslike clay .................................. : ......................................................................... 1·5 
B. Fine·grained thinly bedded yellow sand abor e the finely laminated silts 
or clays, lamime abo~t twenty to an inch .......................................................... 34 
The sand, silts or clays are free from all pebbles. The strat-
ification, which is extremely fine, is horizontal; however, minor 
undulations, as figure 26 shows, are in evi~ence. 
The section typical of the terrace material in the west half 
of the valley is shown in the following photograph, figure 27. 
This outcrop is in the west bank of the wagon road cut be-
tween sections 11 and 12 of Moscow and Wjlton townships re-
spectively, one mile south and west of Wilton Junction. The 
terrace at this place is forty-six feet high and the outcrop js 
twenty feet above the creek. 
FIG. 27.- v'iew showing typical outcrop of terrace deposits in the western half of the Wilton 
Valley terrace, section II, Moscow township, Muscatine . county. 
, 
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TERRACE MATERIAL" WILTON TERRACE, 
WEST HALF SEC. 11, 
MOSCOW TOWNSHIP, MUSCATINE COUNTY. " 
','. F;EET 1;NCHES 
A. Brown 10ess ..... _ ......... _ ..... __ ... _ ...... _ ...... ____ .......... _ .... : ........... -..... _......... 2·3 
Sandy and silty deposit with small gravel or pebble pockets ... :..... 2·3 
B.' Finely laminated brownish sand to silt, no pebbles, beddmg 
. practically horizontal ... __ ..... _ .... _ .... _. ___ .... : ............................ _ .... _._ .. _..... 1 
C. White . to brown sand, white sand fine-grained, few scattered 
pebbles; brown and lower sand coarser and containing numerous 
small pebble pockets .. __ ._. ____ ._. __ ... __ .... __ . __ . .- ____ .. __ .... __ ... __ .. ____ ._ .. ____ ... _ .... __ 8 
D_ White fine-grained sand, oC0asional pebbles .... --.---.-.--------... .:-.... -. 
E. Coarse brown sand, numerous pehbles . __________ ... __ .:._ .. ________________ .. __ . .6 
F. Ash·colored silt, very fme, nq .pebbles, laminated; exposed __ ... ______ 6 
TERRACE REMNANT IN CEDAR COUNTY. 
A remnant of what appears to be a high terrace .is present 
in sections 13, 14, 23 and 24 of Iowa township, Cedar county, 
on the west batik of Cedar river. The top of this terrace rem-
nant is fiat and lies thirty-five feet above another terrace to 
the east which in turn is twenty feet ' above the water level of 
Cedar river. No exposure was .seen in it and the only clew 
as to the nature of its material and structure is obtained from 
its sandy surface and an exposure of bedrock in the creek bed 
in section 14 where the high terr~ce meets the bluffs of the up-
land. This suggests a rock terrace partly covered over with 
, loose sandy deposits. The terrace is only half a mile wide. 
TERRACE -NORTH AND NORTHWEST· OF WEST ;r.mERTy. 
The high terrace north and northwest of West Liberty along' 
the course of West Branch or Big Slough creek and'Wapsinonoc 
creek was mapped on the basis of tOP9graphic position. The 
town of W est ~iberty is built on this terrace, which ' rises about 
thirty feet ab6ve the intermediate plain. The terrace ' can be . 
very readily t,raced up to the above-mentioned creeks hq.t they 
have not inci-sed' their valleys sufficiently to reveal the nature 
and structure of the materials. The noteworthy feature of 
this terrace is its regruar and straight border, a feature char-
acteristic of the high terrace wherever it is in contact with the . 
lower terrace. This terrace is Udden's other extension177 of 
the West Liber.ty .Plain. 
,', 177' Iowa Geor. ·Survey. Vol. ' IX. p, '257. 1899. 
, . '~ ,.. 
J,-,---,. "---'-----_ 
THEi"LOW TERRACE 161 
RELATIONSHIP OF mGH TERRACES. 
In the neighborhood of Hills, Johnson .county, the high ter-
ra.c~ has an elevation of 670 feet above sea level whi.ch agrees 
well with that of the western remnant in the valley of Old 
Mans .creek. ' This height corresponds with that of the high ter-
race at West Liber;ty where the terr!'lqe, as' re.corded by the Ohi-
. cago, Rock Island and Pacific Railway depot elevation, ,is 673 
feet. The lower end of the Wilton Valley terrace, also in the 
same iltraight line, has an elevation of 670 feet. In sections 
29' and 30 of Scott township, ,Johnson county, the eleva~ion of 
the' terrace is 680 ' feet above s~a level. Five miles ' dinic'tly 
east, the northwest ext~emity ' of the high terrace, north and 
northwest of West Liberty lies at 681 feet. Furthermqre; the 
'small remnant of the high terrace on the west bank of Ipwa 
river at Iowa City, near the city park, is at 680 feet. Lastly, 
the two isolated remnants of t~e high terrace on both sides of 
English river lie' at approxfrnately 640 feet, which is also the 
approximate elevation of the terrace east of Iowa dver at 
River Junction. Thus, it seems that in so f~r as elevations 
are concerned, there is some relationship between the high 
terrace and ' its remnants in Johnson county and the two , high 
terrace remnants in Muscatine, .county. 
THE LOW TERRACE. 
Area.-The low terrace is confined to the western or Iowa 
river arm of the lake basin. Unlike the other two terraces, 
this terrace is ;not continuous, but is represented by remnants 
large and small. Its surface lies, in general, twenty fe:et above 
Iowa river or somewhat less above the bottom-lands and twenty 
to forty feet below the high terrace. Where it is in contact ' 
with the high terrace, as in Pleasant Valley ' township, J ohn-
son county, the line of separation is regular, whereas its es-
carpment along' the river or flood plain is more or less sinuous. 
Remnants of the terrace occur on both sides of Iowa river. 
:..>tidngthestream c~mrSes of Old Mans creek and English river 
t, # . , 
south of Iowa city, the terrace is represented by "mere rem-
nants' at the bends of "178, iowa river. These' mere remnants' 
17~ Alden. Wm. C .• and Leighton, Morris 14 .• , ,The, IOW&l1 Drift: Iowa' Geo!; Survey. ·Vol. XXVI. p . 136. 1917. ,. ,', ., , , ' .. ,- " " " ' , , 
L j 
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have been described by lA7ighton179 and are at the following 
places. 
1. , West side of the valley of Pardieu creek about one mile 
below the North Liberty Plain in the west central p~rt of 
section 29, township 80 north, range 6 west. 
2. Along the north side' of the ravine running parallel with 
the Cedar ' Rapids and Iowa City Interurban from Swi-
sher to Cou Falls. . 
3. On the north side of the bend of Iowa river just north 
of Iowa City and on the west side of the tributary that 
dissects the valley walL ' . : 
, 4. 'Just above Mehaffey bridgle, in the southeast quarter of 
section 32, township 81 north, range 6 west. 
The remnants are all small, having, an average length and 
Width of one-fourth and one-eighth of a mile resp~ctively and 
a height above the river of about thirty feet. 
South of Iowa City the terraces are better developed and 
of greater dimensions. Half a mile SQuth , of the Iowa City 
limits in ,Vest Lucas to'wnship, the terrace is one , and one-' 
fOUrth miles wide and on the east side of the river in East Lu-
cas township, s-ections 34, 35 and 36, it , is approximately two 
miles wide . . However, the average width of the low terrace in 
the Iowa -river valley is about three-fourths of a mile. The 
largest parts of this terrace are that in ~he vaHey of Old Mans 
creek, where it is ten miles long ,and half a mile wid,e and that 
along the course of English river, whe:r:e it is seventeen miles 
long and about a mile wide. , Two insignificant remnl}nts, one 
on each side of ·the river, are present .at the intersection of 
Johnson, Louisa and Washington counties. It is possible that . 
the lo\v terrace is represented along Cedar river north of Cedar 
Valley, in Gower township, Cedar county. 
Topography.-The surface of the low terrace is flat except 
where it is in~errupted by a few shallow gullies of. young 
streams. 
Materials and Structure.-Exposu1-es of materials are lim-
ited to the river banks. In contrast with the deposits seen 
in the high , and intermediate terra~es, the materials of the low 
terrace are coarser, contain more gravel layers, have a higher 
179 Iowa Geol. Survey, Vol. XXV. pp. 134·138. 140. 141. 1914. 
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textural range and consist predominantly of sands with ex-
tremely little silt or clay. In structure there is also a differ-
ence. Whereas the high and intermediate terraces contain 
thinly and horizontally bedded deposits with ,minor' cross-bed-
ding, the prevailing type of structure of the low terrace is well 
developed cross-bedding and pocket-and-Iens stratification. Of 
al.J. the exposures observed, those at the following three places 
may be cited as the best and most typical: 
1. Johnson county, Pleasant Valley township, center ~f the 
northeast quarter of section 33. The outcrop is in the 
east bank of a slough of Iowa river, one and one-half 
miles . east of Hills and one mile southeast of a typical 
high terrace exposure . . The .terrace is twenty-one feet 
above water level and approximately 640 feet above sea 
level. ' 
2. Johnson county, Liberty township, central part of the 
northeast quarter of section ~7, one and one-fourth miles 
south of ·Hills. The materials are in the west ·bank of 
Iowa river. . 
3. '\Vashington county, Iowa township, northeast corner of 
northeast quarter of section 33. The outcrop is in the 
southwest bank of Iowa river. 
A composite descriptio~ of the three outcrops follow~. The 
,upper three to six feet consists of loess or a brownish loesslike 
clay which overtop's a fine to medium~gramed highly cross-
bedded-sand which has a predominant dip to the south. 'This 
'bed is two to four feet thick: and numerous small granite, chert 
and limestone pebbles one inch in diameter are scattered 
through it. Pockets of laminated clay are visible locally. Be-
neath this layer of sand isa white sand which contains near 
its top small pockets of quartz~ chert, greenstone and other 
pebbl~s. The sand also is cross-bedded and peppered with 
litHe pebbles. Its thickness ' is three feet. Beneath the white 
sand is a coarse, brown sand containing numerous pebbles 
which measure one inch in all three dimensions. Most of the . 
sand is 'cross-bedded 'with a dip toward the south. Dip meas-
urements read from ' twenty to thirty degrees. At places) as 
at the Washington county exposure, there is a change in the 
direction of dip of the ' cross~beds. Numerous fine gravelly 
layer~ a.:re ~i~trihute'd thro1igh~ut this 8a~d in' t4~ form of pock-
• 
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. ets which pinch out laterally. Some horizontal as well as ir-
regular , or wavy bedded . layers oceur throughout the deposit. 
Beneath the stratified material, which is exposed within one to 
ten feet of the water's edge, is a dense bluish to black till whose 
surface is coveI1ed by many pebbles, cobbles and bowlders, a 
large . proportion of which are slablike. (See fig. 22, page 
155.) Laminated clays in the low terrace are exposed in .the 
south bank of Ralston cre'ek in the center of section 15, East 
Lucas township, south of Iowa City. 
Another outcrop which calls for especial attention is the Qne 
in the southwest quarter of section 34, West Lucas township, 
about'four miles south of Iowa City. The material is all ,strat-
ified, is .coarse and consists of sands and gravels. The depos-
it is exposed in a former gravel and . sand pit of the Iowa City-
Kalona branch of the Chicago, Rock Island and Pacific Rail-
way. Th.e terrace rises fifteen feet above tbe flood plain of 
Iowa river and if:! . about one-eighth of a Ip.ile wide. A diagram 
and, section follow:. .' 
FIG. 28.-Diagram of the terrace materials seen in the low terrace in the 
Sw. '4 of section 34, West Lucas township, Johnson county. 
TERRACE MAT~RIAL, LOW TERRACE, SOUT~EST QUARTER, SECTION 
34, WEST LUCAS TOWNSHIP, JOHNSON COUNTY. . 
INCHES 
A. . Dark sand peppered with pebbles or small gravel, some well rounded. 
Oeeasionally large pebl:iles are found. Lower surfaee somewhat ir· 
regular ..... _ .. _ .... .:. .... _ .... _ .......... _ ................ _ ........... _ .... _ .. _ .... _ ................ _ .... _..... 6·15 
B. Coarse sand lighter than above, stratified, oontaining few large pebbles; 
on the whole, pebbles smaller than in A ... _ .. __ .. _ ........ _ .... _ .... _ .... _ .... _....... 0·6 
C. Thin layers of ooarse stratified sand, the upper half of whieh is blaek· 
ish and eontains a few pebbles; lower half of a brownish oolor.............. 2·3 
D. A sand similar to B ............... _ ..... _ ................... ~ ...... _ ............ : ......... _ .... _........... 0·5 
E. Coarse stratified gl'avel and sand. Gravel eopsists, of igneous material 
and limestone in equal parts; textural rang. ehig~, from small sand 
grains ,to bowlder/! nine by .six by four in~es. ¥any of· the gravelS 
are in the form of slabs or shingle. 'Some of,· the, limestone slabs are 
FLOOD PLAIN OF IOWA RIVER 
one,eighth to one-fourth of an inch thick, six to seven inches long and , 
, four inches wide. 'This slablike form is not confined to the limestone, 
165 
but is comm?n' also to t~e harder igneous material ____ . ______ . ___ .-________________ 00 12-24 F. Coarse stratified sand; exposed _. __ . ____ . ____ . _______ , _____________ . _________ .________________ 1-2 
The log of the well at the house immediately west of the out-
crop shows that there is about two feet of 'soil foll<.>wed by 
,three feet of coarse stratified sand below which the gravel is 
encountered. The owner, of the well also reported that where 
the water level in the terrace is reached, the sand is coarse but 
of uniform texture. According to this same farmer, the gravel 
lies at different distances below the terrace surface, generally 
not very far beneath it, however. 
THE FLOOD PLAINS OF THE LAKE BASIN. 
The flood plain of Cedar River.-The flood plains of the two 
master streams have different wiaths and are at different 
depths below the levels of the adjacent terraces into which the 
modern valleys have been cut. Their margins, however, are 
practically everywhere characterized by sinuous river-scarred 
escarpments. The bottom lands of Cedar river maintain a , 
,fairly uniform \vidth of two and one-fourth miles to a point ' 
abo1;lt three miles north of Cone where the valley is constricted 
to one ' and one'-hal! miles. This width is · maintained . within 
two miles north of the Muscatine county line from which point 
to the junction of Iowa and Cedar rivers, the flood plain is no , 
wider than half a mile. In the northern part of Muscatine 
county, in Goshen township, the bottom lands lie thirty-seven 
to forty-three feet below the intermediate plain. Als the flood 
plain is traced southward, the difference between its surface 
, and that of the intermediate terrace becomes less and less until 
in Orono township it is twenty-seven feet and in Louisa county 
but twenty feet. The flood plain in turn lies on ' the average 
five feet above the river. Its surface is characteristically flat, 
sandy and marshy, and scarred by numerous abandoned river 
channels, old 'sloughs and ox-bow lakes. , O~ the whole, the ' 
drainage is defective and most of the hind is barely fit ,for ag-
ricUlture. ' . ' . ' , 
, "-The 'flood plain of'! owri river and its tributa"ries.-Theflood 
"plain of Iowa river and its tribu,,~arie~ fs 'in all respects sinll-
.. 
" 
166 LAKE CALVIN 
lar to that of Cedar river. The bottom lands of Iowa river 
are on the average twenty feet below the surface of the low 
terrace and thirty-two to forty~eight feet lower than the high 
terrace in the valley of Old Mans creek and forty to forty-five 
feet lower than the high terrace near River Junction. At other 
places, in sections 24, 25, 31 and 32, Fremont township, J ohn-; 
son county, differences in elevation between the flood plain and 
the high terrace ranging between twenty-two and thirty feet 
are more common. A maximum vertical difference in height 
of sixty feet between the high terrace and the flood plain is 
reached in the center of section 4, Oakland township, Louisa 
county. ' The most conspicuous features of the Iowa bottom 
lands are the two large extensions of the flood plain into the 
high and intermediate terraces in Oakland township ~ The 
most easterly one, occupying parts of sections 11, 12, 13, 14, 15, 
22 and 23, is especially noteworthy. On the west side . it is 
bordered by the high terrace and on the north and east by the 
.. intermediate terrace, whose surface lies on the average thirty 
feet higher than the flood plain. Its outline or border is re-
markably regular with no notable indentations. Its width is 
uniform and is a little more than ' one mile'. The lowland, 
which . is marshy and a favorite ground for duck hunters, is 
traversed by Prairie creek. Two crescentic ponds or lakes dot 
. its surface, one in the northwest corner Of section 13 and ad-
joining parts of sections 12 and 14, the other in the southeast 
corner of section 15, the southwest corner of section 14 and 
the northern part of section 23. 
The average width of the Iowa river flood plain between 
River J Uilction and a point almost four miles north is two and · 
one-half miles. Thence the bottom lapds are narrower, having at 
first a wIdth of one and one-half miles, then one mile and finally 
?t Iowa City scarcely one-eighth of a mile. South of River Junc-
tion, the flood plain is two and one-half miles · across, but is 
abruptly constricted to half a mile in sections 25 and 26 of' 
Iowa township, Washington county. The flood plain widens 
again south of these two sections until finally a maximum width 
of three. miles is attained in the first large indentatio·n in Oak-
land township, Louisa ~ounty. Between the two large exten.-
- -------------
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sio.ns o.f the Io.wa river lo.wland, the flo.o.d plain is confined to. a 
width o.f o.nly o.ne-fo.urth o.f a mile · o.r less. So.uth o.f Gladwin 
as far as the junctio.n o.f the Io.wa with the Cedar, the bo.tto.m 
lands range fro.m o.ne-third to o.ne mile in width. The flo.o.d 
plains of the tributarief? o.f Io.wa river are insignificant and 
need no. further co.mment . 
----- -._- --"'---.:....:.-~----
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CHAPTER VI. 
EVIDENCE AND ORIGIN OF EXT~NCT LAKE CALVIN. 
Evidences of Extinct Glacial · Lakes, 
In a consideration of extinct glacial lakes, the most common 
evidences cited for their previo-p.s existence are generally those 
enumerated by Upham and listed as ~ollows: 
1. "Their channels of outlet over the present watersheds. 
2. Cliffs eroded along some portions of the shores by waves. 
3. Beach ridges of gravel and sand, often on the larger gla-
. cial lakes extending continuously through long distauces. 
4. Delta deposits, mostly gravel and sand, formed by in-
flowing streams. . . 
5. Fine sediments spr~ad widely over the lacustrine ~rea. 'HSO 
To these may be added several others as for ;instance, ice-
rafted bowlders, bowlder- walls, rounded shore lines between 
places of indentation and associated deposits along the shore 
lines. 
Discussion and Interpretation of Features of the Lake Calvin Region. 
Although the existence of Lake Calvin has been accepted by 
most geologists familiar · with the Lake Calvin basin, absolute 
proof of the former lake's existence has never been presented. 
Udden's work was confined to Muscatine county and the evi-
dences cited by him in his report on Lake Calvin181 do not. es-
tablish the certainty of th.e presence of the ancient lake, espe-
cially in the light of our present knowledge of the Pleistocene. 
Furthermore, doubt regarding Lake Calvin has been presented 
personally to the writer and has also been indicated elseWhere 
as may be seen from the following: "It is not known whether 
this gravel (a dep{jgit in the intermediate terrace or Udden's 
West Liberty plain) is a sheet deposit formed along a delta 
front encroaching on a lake, o·r was deposited by a stream the 
width of the present plain 'or was laid down in long narrow 
180 Upham, W., Lake Agassiz: U. S. Geol. Survey Monograph XXV, p. 19.5, 1895. 
181 Udden, J. A., Geology of Muscatine County: Iowa Geol. Survey, Vol. IX, pp. 350·857, 
1899. . , 
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strips in the channel of an aggrading stream perhaps no larg-
er than the · Cedar of today.' '182 It has also been suggested 
that the sediments in the lake basin in Muscatine county were 
laid down "by a stream which is supposed to have had its 
course through it (the intermediate terrace) with some lacus- ' 
trine influence. ,. '188 
. In view of the above opinions, it now becomes necessary to 
carefully and critically study all features found in the lake 
region which might throw some light on the question whether 
J.Jake Calvin did or did not exist. An unbiased analysis of such 
features ought then to show whether the Lake Galvin basin is 
to be attributed to: 
1. lacustrine influence 
2. alluvial influenoo 
3. or a com'Qination of 1 and 2. 
With. this view in mind, the following topics or features are 
presented for careful and critical study: 
1. Theoretical considerations. 
2 . . The M'Q.d-Elkhorn .creek valley. 
3. The tempora!y Mississippi river channel of Leverett. 
4. Laminated silts, clays and sands in the lake bas~ . 
. 5. Terra~ ~n ' the' lake basin. . . 
6. Rounded bluff lines in the lake basin. 
7. Bowld~rs in the lake basin. 
8. Certain gr~vel deposits in the lake basin. 
9. The illinoian upland within and without the lake basin. 
10. A comparison of the width of the valley in and outside 
of the lake basin. 
THEORETICAL CONSIDERATIONS • . 
Discussion.-:-Leverett18 ' has conclusively demonstrated that 
southeastern Iowa was invaded from the east by the IllinOIan 
ice sheet and that during this time Mississippi river must have' 
been displaced. The blocking up of the vaUey by the ice sheet 
undoubtedly resUlted in a ponding of the waters probably 
giving rige to a lake as the waters rose until finally an outlet 
or spillway was reached. As the roo.uth of Wapsipinicon river · 
182 Norton, W. R., and Others, Underground Water Resources of Iowa: U. S. Geol. Sune,. 
Water Supply Paper 298, p. 465, 1912; Iowa Geol. Survey, Vol. XXI, p. 560, 1912. 
188 U. S. D~partment of Agriculture, Soil Survey of Muscatine County, I~wa, p. 22, 1916. 
18' Leverett, F ., Il1in~is Glacial Lobe: U. S. Geol. Survey Monograph XXXVIII, .1899. 
. . . 
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was blocked by the Illinoian ice sheet185 (Fig. 29) the waters 
of the Mississippi were dammed back as far as Maquoketa 
river from whence they escaped . westward as far as Preston 
in Jackson county. At Preston, the Maquoketa river valley is 
connected from the south by the wide and well developed Goose 
Lake channel which extends southward for over nineteen miles 
to the valley of vVapsipinicon river. Due to the closing of the 
c 
S C 0 
FIG. 29.-Sketch map showing the blocking up of the Mississippi and 
lower portion of the Wapsipinicon river valleY'!. (Modified 
after Carman) 
mouth of that river by the ice barrier the combined waters of 
Mississippi, Maquoketa and Wapsipinicon rivers. were forced 
westward to the mouth of Mud creek from whence the confined 
waters found their way southward over the !ow'ruvide to Elk-
horn creek and finally into Ceda~ river at Moscow. From here 
1.85 Carman, J . Ernest, The Mississippi Valley Between Savanna and Davenport: Illinois 
Geol. Survey, Bull. 13, p. 62, ·and fig. 15, p . 38, 1909. 
. I 
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the four streams pursued a southerly course to Columbus Junc-
tion, Louisa county, where Iowa river added ' its waters to that 
of the others. Since the passage of these waters was still 
obstructed on the east by the ice wall of the Illinoian glacier 
and ' on the other' sides by high Kansan bluffs they wer.e still 
dammed back and must have risen until the level of the aban-
doned channel discovered and mapped by Leverett1 8 6 was 
reached. As has been shown by Leyerett181 this anci~nt water-
course can be traced southward, westward and eastward across 
several counties until it joins the present Mississ,ippi river 
valley immediately below Fort Madison in L~e county. That 
the course of. Mississippi river during the Illinoian . stage of 
glaciation followed the course just outlined is not disputed. 
That the pondingof the combined waters ' of Mississippi, Ma-
quoketa, Wapsipinicon, Cedar and Iowa rivers together with 
that of the melting ice sheet necessarily gave rise to a quiet 
body of water in the lake basin area or that aggradation kept 
pace with the increasing influx of water so that stream condi-
tions existed all the time or that a combination of the two may 
hav.e resulted is not so obvious. 
Interpretation.-The fact remains that when the Illinoian 
ice sheet occupied the position shown by its deposits as indi-
cated on Plate VIII, Mississippi; Maquoketa, 'Wapsipjnicon, 
Cedar and Iowa rivers with their -trjbutaries were blocked on 
one side by an ice wall and on the other by uninterrupted Kan-
san bluffs 120 to 140 feet high. That the wat.ers of these com-
bined streams were ponded is evident. The question arises: 
would this ponding of the stream give rise · to a lake or is it 
. possible that in some way or other fluvial co:q.ditions were main-
tained ~ It is true that the ponded waters were able to spread 
over a considerable area, which may have resUlted in shallow I 
water conditions. However, it is hardly con~eivabl~ that depo-
sition was so rapid as to have kept pace with the rising of the 
water, especially since the combined waters of several large 
streams were involved, not forgetting the water coming from 
186 Udden, J . A., Geology of Louisa County: Iowa Geol. Survey, Vol. XI, p. 64, 1901. 
1 87 Leverett, F., The Illinois Glacial Lobe : U . S. Geol. Survey Monograph XXXVIII, pp. 
89·97, 1899. 
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the melting ice sheet. :F'urthermore; most .of the aggradation 
must be attributed to the melting·Illinoian '. ice itself and espe~ 
cially is this true towards the southern half of the lake basin 
whene no htrge streams empty into the basin. Would this ag-
g'radation account for the relative thinness of the illinoian de-
posit 1 It is a fact that the Illinoian drift is thin, but is it not 
more logical to explain this fact on the basis that the ice sheet 
had been gDeatly reduced in thickness, firstbeca:useit was prac-
tically at its maxinium distance from its source and secondly 
because in passing over from Illinois into .Iowa, the ice had to ' 
fill up the wide valley af the Mississippi, thu~ permitting only 
its upper and less heavily laden portion to advance into Iowa 1 
Such a diminution in thickness of the ice would necessarily 
mean a minimum amount of glacial erosion and hence a mini-
mum amount of material for deposition. Hence, the terrace 
materials are not to be thought of as being the result of depo-
sition of a stream the width of the terraoe. That it does not 
take much to cause ponding of waters to form a lake is illus-
trated in the case of Lake Pepin, Wisconsin. Lake Pepin is 
an expansion of Mi~sissippi river. . It is from o;ne, mile to two 
and one-half miles wide ' and about twenty-two miles long, cov-
ering an area of approximately thirty-eight and one-half squar~ r' 
miles. The lake is a result of the building up of a delta by 
Chippewa river. This riv~r having a higher grade than that 
of the Mississippi is able to carry more and coarser material 
than the master stream is able to remove. If the : incomplete 
, obstruction of the Mississippi's course, as at the mouth of the 
Chippewa, is sufficient to cause the formation of a lake then. 
" it is certain that the complete blocking of the Iowa-Cedar river 
valley by the lliinoian ice sheet would give rise to Lake Cal-
' vin. i ', ' i : i' 
Thus it appears to the writer that ponding of the combined 
waters of Mississippi, . Maquoketa, Wapsipinicon, ,Cedar and 
Iowa rivers must have resulted ill the formation of a lake in 
which· the sediments of the terraces were deposited. 
THE MUD-ELKHORN CREEK VALLEY. 
Discussion.-Of utmost importance in the consideration of 
~~, ~-----
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, 
. the former existence of glacial lakes are the inlet and the out-' 
let, .especially the ' latter. If there really existed a lake with 
an inlet, some evidence of the latt~r might be manifested either 
in the form of the topography ' or in .t1!-e natur~ of 'the sedi-
ments found in the inlet. The only possible inlet of Mississippi 
river to Lake Calvin was by way of Mud and Elkhorn creek 
valley as outlined under Theoretical Considerations. A careful 
study of this valley is therefore very important. . 
The valley occupied by Mud creek is well defined and ranges 
in width from one and one-half to a little over two miles. It 
unites with the large valley of Ceda~ river at :Moscow and ex-
tends eastward for over seven miles past Durant. The valley 
walls, although more sharply defined at some places than at 
others, merge, in general, gradually into the conspicuous fea-
ture of the valley, the wide terrace de'scribed in chapter V as 
the Wilton Valley terrace . . The ' surface of this terrace is fiat 
and unobstructed by sand dunes and is continuous save for 
the course of Mud creek which has incised for itself a narrow 
flood plain thirty to forty-five. feet below the terrace surface. 
At . Durant an island-lil{e ridge separates the valley into two 
branches, one trending iIi a northeasterly direction following 
what is known as Elkhorn cree~ and the other continuing east-
ward along Mud. creek. .Of the two branches, the northeast 
trending valley is the more conspicuous. For, over two miles 
its Gourse is direct and its 'width is scarcely over one-half of a 
mile. The .valley walls are well developed and sharpl y . out-
lined. The other branch continues eastward along Mud creek 
for about three miles and thence extends northward, meeting 
the Elkhorn valley in sections 19 and 20 of Cleona township in 
Scott county. All exposures of sediment in the valley are lim- " 
ited to the area between Moscow and Durant.and consist chiefly 
of fine stratified sand and laminated silts or clays. Calvin in 
speaking of these sediments states !' The fineness of the ma-
terial, the regular stratification and absence of organic matter, 
indicated that at the time of the imbedding of the skeleton, the 
locality was .covered with comparatively deep, clear and 'still 
.water . . ' . . ' . The topography of the surrounding coun-· 
try and the .nature of the drift itself, favored the idea that 'a 
I· 
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lake at one time cOV!e:red the territory of the West Liberty 
plain and reached up to 'Wilton, ' and that sediments from some 
inflowing river had aided in fining this lake." 1188 
The valley in which Elkhorn creek flows continues its course 
northeastward over the very gentle divide into the valley of 
Mud creek without either' being constricted or losing its iden-
ti'tf.' - The divide separating the headwaters of the north-flow-
i~g" ~tPd4md the south-flowing Elkhorn creeks lies at an ele-
vation of about 720 to 725 feet above' sea level and is so fiat 
and poorly dt'ained that sev~ral ponds and marshes cover its 
surface. The rise between · the two creeks is so imperceptible 
that were it not : for the fact that the creeks are seen to flow 
in opposite directions, a col would not be suspected. The di-
vide is in sections 19 and 20 of Cleona township, Scott county, 
and is over one and one-half miles wide. The valley then~e 
follows the course ' of Mud creek for over nine miles to Wap-
sipinicon river. Mud creek itself is an insignificant stream. 
Near its head, it is :b-rlt . it . 'few feet across and from three to 
frve feet deep, but ' it mcreases in size somewhat toward its 
mouth where it is four to ·five rods wide and six to seven feet 
below the valley floor, Because of its extreme youth there are 
no exposures along its course. Outcrops are lacking on the 
valley slopes also because of their gentleness. Another notice-
able feature of Mud creek valley is that the wide valley floor 
extends up into the ' tributary valleys so that the latter near . 
their mouths are exceptionally wide. "It is believed that these 
broad 'flood · plains (of the tributaries at their mouths) were 
filled from the main channel rather than agg~aded by thp.lr own 
creeks. ' '1:89 ' 
If the lllitloian ice obstructed the lower course' of the Wapsi-
pinicon river valley then somewhere we.st of the present Mis-
sissippi river there must be evidence of a temporary Missis-
sippi channel and such evidence is not lacking. A well defined 
valley follows the Wapsipinicon river valley east for about 
fifteen miles from the debo'uchure of Mud creek and in the oth l' 
. ' . ' ,·,t r f' r • 
18~~~ Udden, J, A., Geology of Muscatine County: Iowa Geol. Survey, Vol. IX, pp. 352,353, 
189 Norton, W. H., Geology of Scott County: Iowa Geol. Survey, Vol. IX, p, 415~ 1899. 
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direction it can be traced northward through Clinton and J ack-
son counties as far as Spragueville where it unites with the 
valley of the Maquoketa. In many respects this old valley, 
termed the Goose Lake channel and' first described by Mc-
Gee/90 is similar to the one occupied by Mud and Elkhorn 
creeks. . Both are occupied by two insignificant streams, one 
flowing to the north and the other to the south. In both cases, 
the streams occupy disproportionately large valleys. As the 
FIG. 3D.-View of Goose Lake Channel in Ja.ckson county. 
divide bet\veen Mud a;nd Elkhorn creeks is imperceptible and 
ill drained, so too is the valley between the headwaters of the 
south-flowing ~rophY creek and the north-flowing Deep creek. 
The divide between the two ~reeks is in sections 4 .and 5 of Cen-
ter townshiP: and 32 and 33 of Deep Cre,ek tovynship, Clinton 
county. Fonrerly a lake, poose Lake,,, form~d the head of 
Deep creek, bilt at the present time the site o'f the lake is , rep-
resented by a ' largynarsh. The streams -that flow in the an-
cient valley occuW but mere trenches as they are very shallow 
and but a.i ,ew· feet wide. Goose Lake channel, figure 30, is far 
more pronounced than is Mud creek valley .. Its valley walls, / 
, " 
190 McGee, W J, The Pleistocene History 'of Northea,stern Iowa : U. S. Geol. Survey, 
Eleventh Ann. Rep't., Pt. I , p. 3'92, 1899; The ~rainage Systems and Loess of Eastern Iowa, 
Private ,Publication, 1884. 
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especially in the northern half, are :cut into bedrock and rise 
seventy to two hundred feet above the valley floor. Toward 
the south end of the valley the bluffs are only about twenty-five 
feet high. _ Exposures in the channel are extremely few. In 
section 34 of Center township, Clinton county, 3J.ong the south-
east bank of the creek several feet of horizontally stratified 
sand covered by two feet of loess is exposed. In the southeast 
corner of section 13, just north of Spragueville in Jackson 
county, a bed of laminated silts and sands ' severai feet thick 
is exposed. Immediately north of Preston the south bank of 
the creek shows brown clay contair4ng inilUme.rable chert chips 
and pebbles. This clay, which 'is a foot to a foot and a half 
thick, overlies fine grained thinly bedded yellowiRh to brown . 
c 
o s 
~
MIL.E$ 
FIG. 31.-Map showing the course ot Mississi.ppi river north -of the Lake Calvin basin during 
Illinoian times. . 
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pebbleless sand. According to Carman "The surface material 
of Goose Lake valley' passes downward into fine sand which is 
60 to 100 feet thick on the divide 'south of Goose lake. Farther , 
north in Sees. 17, 8 and 5 of Deep Creek township, Clinton ' 
county, several wells go to 110 to 120 feet in sand and , fine 
gravel. In the south part of the channel south of Elvira wells 
70 to 80 feet deep , do 'not reach rock. ')191 
The temporary Mississippi followed the rock bound gorge of 
Maquoketa rfver from the mouth of l)eep creek to Mississippi 
river. The course of Mississippi river during , the Illinoian 
times is shown on figure 31-
Interpretation~-The nature and structure of the silts anq 
laminated clays expos~d in Elkhorn' valley in the vicinity of 
Wilton Junction -practically preelude contemporaneous aggra-
dation. As has been shown -before, the terrace materials con- ' 
sist of fine horizontal laminated silts and clays without coarse 
sands, gravels or bowlders. It is practically impossible tp as-
sign such deposits to fluvial influence. The fine lamination of 
the deposits, which at places are over thirty feet thick, implies 
quiet water or lacustrine conditions. On the other hand, one, 
might expect to find coarse sands and gravels, .showing evi-
dE?nce of rapid deposition in the valley, if fluvial conditions ex-
isted, since the valley follows the edge of ,the Illinoian drift 
plain. Naturally her'e, nearest to the ice edge, we would ex-
pect the coarsest material to be ~~id down. Large bowlders are' 
practically lacking from the terrace surface except those .lo-
cated by Udden192 in sections 8 and 11 of Wilton to"7J;lship and 
in section 2 of Moscow township, Muscatine county. In speak-
, ing 6f these bowlders Udden s'tates that they were "in all prob-
ability, transported by floating ice on the surface of the lake 
at an early ' stage, when the waters stood high, and were prob-
ably stranded on the shores. "llla To the, investigator, the lami-
nated silts and clays argue positively for lacustrine conditions. 
The fact that a continuous valley, partly occupied by streams 
and partly abandoned, can be traced from the lake basin to 
1 91 Carman, J . Ernest. The Mississippi Valley Between Savanna and Davenport: Illinois 
G:eo!. Survey, Bull. 13, p. 57, 1909. ' , 
192 Udd,en, J . A" Geology of Muscatine County: Iowa Geol. Survey, Vol. IX, p. 354, 1899. 
19S Idem, p. 354. 
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the Mississippi river by way of Maquoketa river strongly sug-
gests the possibility of a lake. It has been shoWn that the 
Mud-Elkhorn valley is disproportionately wide and is not the 
. , 
product of the insignificant streams which occupy portions of 
it Furthermore, the valley is distinctly traceable over two 
stream divides. A better inlet to the lake could not be desired. 
FIG. 32.-Map showing the course of Mississippi river 
times. 
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THE TEMPORARY MISSISSIPPI CHANNEL OF LEVERETT. 
, 
Discussion.-The outlet is of still greater importance' as a 
criterion of extinct glacial lakes. As early as 1~96 Leverett 
discovered an abandoned channel between the Illinoian and 
Kansan uplands in Louisa county. This channel, which is out-
lined on figure 32, has been described in detail by Leverett in 
his monograph on the Illinois Glacial Lobe. The following de- . 
scription is taken from this report: "The course of the chan~ . 
nel is southward from just above Columbus Junction to the 
vicinity of Winfield, a distance of 12 miles, crossing Long 
Creek, a small tributary of the Iowa, about six miles south of 
Columbus Junction . . . . . Before reaching Winfield a 
channel branches off to the west from the main channel and 
joins it again just south of Wyman. This channel has a 
breadth of but one-eighth mile or less. It is more direct than 
the main channel, and has aboJlt the same depth. 
A short distance east of Winfield the main channel is enterEld 
from the east by the East Fork of Crooked Creek, and this 
stream meanders through the broad bottom of the main chan-
nel westward to its junction with the West ]'ork, and thence 
continues west and south to Skunk River Valley at Coppock. 
Another channel leads directly west from Winfield past Wayne 
to Coppock, . a distance of 15 miles. The combined width of 
the two channels is but little greater than that of the portion of 
the channel north of Winfield, the channel along Crooked Creek 
being about three-fourths to one mile in width and· the channel 
leading past Wayne one-fourth mile. The lower portion of. 
Crooked Creek nearly occupies the full width of the north chan-
nel, but throughout the greater part of the course it is bor-
dered by a broad terrace-like plain, several times the hreadth . 
of the valley which it has excavated . . .. . . 
The portion along Skunk river from Coppock to Rome, a dis-
tance of 10 miles, is so completely occupied by the valley of 
that river that only o·ccasional narrow remnants of the aban-
doned channel appear M terraces on its borders, the ' average 
breadth of that part of Skunk River Valley .being fully one 
mile. The most extensive remnant of the abandoned channel 
is found in the · double me-bow made by the river north and 
I~'....L.......I'~_ 
.. 
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west of Rome, which stands, where not broken down by subse~ 
quent erosion, about 670 to 675 feet above tide. 
From Rome the abandoned valley continues southward along 
the valley of Big Cedar Creek (reversed) and is preserved in 
terracelike remnants on €ach border of the valley which stands 
80 feet or more below the level of the upland plain. The 
average breadth of the valley being not less than one-half mile 
the terrace remnants are narrow. From the hend of the 
Big Cedar, eight miles south of Rome, the old valley, as noted 
above, leads southeastward across Lee county to the Missis-
sippi Valley at Viele, six miles below Fort Madison, gradually 
deepening from 30 feet to the north to 50 or 60 feet at the 
south. It is occupied for about 4 miles by .Little Cedar Creek 
just south of the bend of Big Cedar. The remainder of its 
course is drainea by Sugar Creek. ' ,The excavation along the 
channel from Columbus Junction to Viele is estimated to be 
one-half a cubic mile.' '194 
This ancient valley of the Mississippi is incised below the 
general upland surface of the ' Kansan drift plain thirty to 
sixty feet. The valley floor rises i20 feet above the level of 
J owa river and in the vicinity of Columbus J unctton it lies at , 
an elevation of about 700 feet above sea level. Its general , 
,wldth ranges from one and one-quarter to one and one·,half ' 
miles. The valley is well defined but is more conspicuou8 the 
farther southward it is traced. At the divide in sections '35 
and 36 of ,Elm Grove township, Louisa county, seven miles 
south of Columbus Junction, the valley floor is one mile wide 
and ~hirty-five to forty feet below the general upland level. 
(See fig. 9, page 114.)' Several miles south of ColUmbus Junc-
tion bedrock appears in the valley walls and that pa~t along 
Skunk river is cut largely in solid rock. 'Unusual deposits of 
sand and gravel are lacking in the channel. 
Interpret,ation.-The absence also .of any notable deposits 
of sand or gravel ' in the temporary Mississippi river channel 
of Leverett seems to be in opposition to a fluvial hypothesis. 
If the filling up of the lake basin is due to stream deposition 
194 Leverett, F ., The Illinois Glacial Lobe: U. S. Gaol. Survey Monograph XXXVIII, pp. 
91-93, 1899. 
. . 
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then th€re appears to be no logical reason why similar depoT" 
sits as those found in the lake basin and in the 'Wilton Valley 
should not be seen in the abandoned Mississippi channel, the 
course ,pursued by the streams at the time of glaciation. ,rrhe 
absence of such · materials at once demands an explanation. 
There is no reason to believe that the streams were no longer 
overloaded by the time the waters used 'the channel nor that 
erosion .has since removed the materials that may have been 
deposited. When it is remembered that a lake acts as a filter-
ing plant for a river, it is easy to account for the absence of 
notable sand and gravel deposits in the abandoned valley 
if Lake Calvin existed and Leverett's channel served as its 
outlet. For comparison the streams emptying into and drain-
ing the Great Lakes may be cited'. It is well known that the 
. streams emptying into the Great Lakes are discolored and 
muddy because of the large amount of sediment which they 
carry. Also it IS true that such streams as the Niagara and 
the · St. ,Lawrence which drain away from the lakes are rela-
tively clear and free from sediments and hence have little ero-
sive power. Because of the filtration of sediments and perhaps 
also because "the ground in which ·this channel was exca-
vated may have been frozen at the time of the lllinoian glaci~ 
ation, its situation being · on ' the immediate border of the ice 
sheet'1195 .it is not to be · expected that the outfiowing stream 
would have much erosive power nor much material to deposit 
so that the absence of notable deposits of sand and gravel . 
within . the channel is quite the natural thing to be looked for. 
This too may explain why the abandoned channel of Leverett 
is not so well developed as the Mud-Elkhorn valley, especially 
that portion which is known as the Goose Lake channel. Lev-
erett has traced the channel from the southern extremity of the 
lake basin at Columbus Junction across several counties to Mis-
sissippi river below .Fort Madison. . This channel furnishe~ an 
excellent outlet for .Lake Calvin. 
LAMINATED SILTS, CLAYS AND SANDS IN THE LAKE BASIN. 
Discus~ion.-The finding of horizontally laminated clays or 
1 95 Leverett, F" The Illinois Glacial Lobe, U. S, Geol. Survey Monograph XXXVIII, p , 93, 
1899, ' 
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silts is positive evidence of quiet water sedimentation and may 
be taken in most ca'ses as iri.dicating deep water deposits and 
lacu~trine sediments. In general, it 'may be stated that the 
materials of the high and intermediate ter'races are of low tex-
tural range and are finely stratified. Laririnated silts or clays, 
however, are practically limited to the valley of Mud creek. 
Eight good outcrops 'of terrace materials are present in a dis-
. tance of five miles, commencing one mile west of Wilton Junc-
tion and extending to a point four miles east of the town. As 
was mentioned in Chapter V under the discussion of' the ma-
terials and structure of the Wilton Valley terrace, the eastern 
half of the valley shows a predominance of laminated silts and ' 
clays whereas in the west end fine stratified sands are more 
common. There can be no doubt that the deposits such as are 
represented by the typical section of terrace materials as given 
on page 159 (see fig. 25) were laid down under quiet water 
conditions. Practically thirty-four feet of laminated silt or 
clay is exposed in the type outcrop. Pebbles are entirely lack-
ing and the stratification is hori:l.:ontal and undisturbed except 
for a few minor wavy undulations. Other laminated deposits 
may be seen in the high terrace two and one-half miles east 
,of Hills (see fig. 19, page 152), in sections 31, :32 and '36, 
Pleasant Valley township, Johnson county, and in sections 3 
and 4 of Oakland township in Louisa county. Similar sedi-
ments are exposed in the intermediate terrace in section 8, 
Goshen township, ,Muscatine county. The exposed ,thicknesses 
of these deposits range from seven to twenty feet. 
Interpf'etation.-The laminated silts and clays exposed,in the 
terrace in the vicinity of Wilton Junction have been discussed. 
A 'study of the high and intermediate terrace materials shows 
that they consist principally of fine to medium-grained sands 
most of which are horizontally stratified. If these sediments 
are to be attributed to fluvial conditions, then the streams car-
ried practically no coar~e material, a condition hardly possible 
when one considers the enormous amount of material deposited 
and the vast area covered. 
The structure of the sediments is even more detrimental to 
the theory of alluvial deposition than is their texture. It is 
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difficult to account for the general horizontal st:ratification over 
such a wide extent as is found in the lake basin on the basis 
of stream deposition. In sharp contrast to the general hori-
zontal stratification of the high terraces is the high cross-bed-
ding of the sands and gravels of the low terrace. This terrace 
is without doubt of glacio~fluvial origin, as is evident from the 
nature of these deposits, from their texture and structure and 
from the fact that the low terrace can be traced to the Iowall 
drift plain. Is it possible that the Iowan ice sheet supplied 
coarser material than the Illinoian? Although it is possible, 
there appears to be no logical reason wIly it should have done 
so, especially since the Iowan ice sheet is believed to have been 
a thin glacier as is evidenced by the thin deposit of Iowan drift. 
Furthermore, the Iowan outwash materials were not laid down 
as directly in the lake basin as were the materials coming from 
thelliinoian ice sheet, which adjoined the lake basin. 
It therefore appears that the nature of the sediments of the 
high, the intermediate. and the Wilton Valley terraces demands 
another hypothesis than that of fluvial aggradation to account 
for their origin, especially since the known alluvial deposits a~ 
evidenced by their texture and structure are in striking con-
trast to those of the above mentioned terraces. On the other 
handy the fineness of the deposits. and the general horizontal 
stratification· can well be 'accounted f.or by a lacustrine hypo-
thesis. 
TERRACES IN THE LAKE BASIN. 
Discussion.-It is not evident whether a lake plain can be dif-
ferentiated from a stream terrace on the basis of topography af-
ter dissection has progressed. The surface of the lake floor may 
be more level over a long distance or may have a lower gradient 
than that of an alluvial terrace, yet it does not follow that this 
need be the case. There are three distinct terraces in the lake ba-
sin, the high, the intermediate and the low, but what relationship 
exists between them is not apparent. The high and low terraces 
are in contact in numerous places in Johnson county and are 
separated by a well defined straight escarpment about thirty 
feet high. In Oakland township, Louisa county, and at West 
I~iberty, the high and intermediate terraces join. The aver-
' . . 
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'age vertical distance between the surfaces of these two ter· 
races is thiFty.five feet. As previously described the high and 
intermediate terraces are more or less gently sloping plains 
dotted with nUmerous sand dunes, an exception to this being, 
the one in Wilton Valley. In contrast to these are the low ter-
race and the present flood plain of the rivers, which are prac-
tically free from sand dunes. 
. Thorn a study of elevations as given on page 116, it is seen 
that the high terrace is closely related to the Wilton Valley ter- . 
race as well as to the one northwest ' of West Liberty. It is 
evident from a compa:rative study of their materials and struc-
ture, as well as of their elevations, that the low terrace in 
Johnson county is not represented by the intermediate terrace 
in Muscatine county. The low terrace is of fluvial 'origin as it 
is composed of Iowan outwash materials. From the descrip-
tions of the materials given in the previous chapter, it is seen 
that the high and intermed~ate terrace deposits. are much finer 
and the textural range is much Jower than those . of the low ter-
race. Furthermore, the stratification is, on the whole, more 
horizontal and less disturbed. An excellent comparison of ter- . 
race materials of the high and iow terraces is to b~ had in two 
outcrops one mile and two .and one-hal! miles east of Hills in 
Johnson county. fhe location of the two exposures is ·indi-
cated in the following s~etch map. . 
FIG. SS.-Sketch map showing location of two typical outcrops ; 1, alluviai; 2, 
.lacustrine. . 
Exposure 1 is in the low terrace ~nd exposure 2 is in the ' 
high terrace. Whereas the material , of the high terrace is ex· 
tremely fine sand or silt, horizontally bedded, the material of 
the' low terrace consists entirely of a fine to medium-grained, 
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white to gray and brown heterogeneous sand containing numer-
ous pebbles and having a medium textural range. Most of the 
sand is cross-bedded with cross dip at angles ranging from 
twenty to thirty degrees. Although in general the cross-bed- . 
ding dips in a southerly di'rection, the direction of dip at any 
particular place is not necessarily consistent with the general 
dip. The gravel layers not only 'dip in all directions but they 
pinch out in short distances. , In short, the structure of the de-
posit fihows typical cross-bedding and pocket-a:nd-lens type of 
structure. This deposit, twenty-one feet thick, 'is in sharp con-
' trast with the other outcrop only one mile farther to the east 
where cross-bedding, pocket-and-Iens type of structure and 
varying texture of materials are replaced by horizontal strati-
fication and sediments of extremely low textural range and, uni-
form composition. The conditions under which these two de-
posits were laid down are obviously not the sa~e. ' 
The slope of the high terrace appears to be gentler than that 
of the intermediate terrace. ' From the elevations obtained, the 
gradient of the former terrace is fouIid to be one and four-
tenths of a foot per mile, whereas the latter has a gradient of 
two and one-half feet per mile. 'However, the writer is inclined 
not to place much importance on the gradient of the high ter-
race, as barometric readings had to be used in its calculation. 
The gradient of the Wilton Valley terrace, one foot per mile, 
compares favorably· with that of the high terrace. When a c6m~ 
paris on is made of materials, texture and structure between 
either the higl1, the Wilton Valley or the intermediate terraces 
and the low terrace, it is appar~nt that the conditions under 
which they were formed were different. ' 
Interpretation.-Many hypotheses may be 'advanced to ' ac-
count for the origin of three distinct terraces, de:pending upon 
whether they are all of different ages or whether some two or 
all three are contemporaneous. Before discussing' any hypoth-
esis, it will be well to see what relationship exists 'among 
them. The problem is somewhat ' complicated since the low 
and the high terraces are confined to the Iowa river arm of the 
lake basin and the intermediate terrace is limited to the Cedar 
river arm. 
, 
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It , has been ' s~J.Own previously that the high terrace, the ter-
race north and northwest of ,TV est Liberty and the Wilton Val-
ley terraces had a common mode of origin. The questions how 
to be settled are 
1. ' Are the high and intermediate terraces of the same age ' 
or do 'they represent two stages of terrace development~ 
2. Are the low and , inter:r;nediate terraces contemporaneous 
in origin~ 
ARE THE HIGH AND INTERMEDIATE TERRACES OF THE SAME AGE 
OR DO THEY REPRESENT TWO STAGES OF TERRACE DEVELOPMENTf 
A study of elevations, materials and structure of the high 
terrace and the Wilton Valley terrace shows that the two are 
closely related and undoubtedly are of the same age. The in-
termediate terrace lies at a lower elevation than the other two 
terraces, but is very similar to them in so far as materials and 
structure, are concerned, although it differs in aU three respects 
very strikingly from the low terrace. The question aris'es: 
Is the intermediate terrace contemporaneous in origin with the 
high terraces ~ If so, why the difference in elevation? All , 
things being equal, the filling of a lake ought to be uniform 
and hen,ce but ORe set of terraces should be expected to repre-
sent the ancient lake bed. However, in a case like that of an-
cient Lake Calvin where the lake if it existed consisted 9f two 
arms and where the supply of ' sediments coming into the iake 
'was determined by the number and size of the inflowing 
streams, the' lake floor need not necessarily have the same ele': 
vation ' in the two arms. To account for the difference in ele-
vation between the high arid intermediate terraces several hy-
potheses may be presented. The original slope . of the valley 
walls and the depth of the valley.s may have been an influenc-
ing factor in, determining the height of the lake bed at various 
places. Under similar conditions of sedimentation, the bed 
of Lake Calvin ought to be uniform and have the same eleva-
, tion in the two arms of the lake, provided that the depth of the 
valleys was the same. However, if the depth of the two arms 
differed or if the slope of the valley walls was different as is 
indicated in the following diagram, a difference in the elevation 
of the two lake floors might be possible. In' a case such as is 
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indicated by the diagram, figure 34, aU things being equal, an 
equal amount of sediment would necessarily mean a higher lake 
bed in that portion of the lake occupying the shallower valley 
and having the gentler slope. The high terrace is confined 
practically , to the 'eastern part of the western or Iowa river 
arm of the lake basin whereas the intermediate terrace occu-
pies the 'eastern or Cedar river arm of the ) ake site. The 
bluffs adjacent to the intermediate terrace are very distinct, 
steep and sharply defin~d, whereas those forming the high ter-
race are less well outlined, due to the gradation between bluffs 
and terrace. Practically everywhere south of the latitude of 
Hills; the impression gained while standing on the terrace ' is 
that the Kansan upland slopes gradually toward the south and 
southwest and is covered by a veneer of ,:finer sediments. The 
topography of the terrace is gently undUlating" suggesting that 
the sedinlents composing the terrace materials were . deposited 
in more or less shallow water, probably forming bars and 
beaches.' The sand from these , bars and beaches proba1?ly was 
formed into sand dunes which encroached upon the bluffs and 
thus caused them to 'be less well outlin'ed. ' , 
, . 
, F ro, 34,-Diagram showing how the depth and the slope of the lake bed may 
r esult in different elevations of the lake fioor, the amount of material 
being equal. 
Another factor entering into the problem Of the difference in 
elevation ' between the ' high and , intermediate terraces is the 
number of streams emptying into the lake basin. A glance at" 
Plate VIII shows at once that the Iowa river arm of the lake 
basin receives not only the greater , number of affluents but 
also the larger ones. Since it receives larger and more trib-
utaries, this 'portion of the lake naturally should receive the 
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greater amolint of sediment, a fact which seems to be 'borne out 
by the presenee of the high terrace in this portion ()f the lake 
basin. The Cedar river arm of the lake basin receives ;practi-
cany no streams of any sIgnificance. The largest streams emp-
tying into this portion of the lake basin are confined to the 
north end. In the northwest corner is Wapsinonoc creek with 
its two branches: Here also the terrace is higher than the inter-
mediate terrace . . In the Wilton Valley also,the.terrace is higher 
than the intermediate terrace due undoubtedly to the fact that 
deposition took place .there first as the valley formed the north-
eastern extension of the lake. The westward extension of this 
high terrace may have been hindered by Cedar river destroying 
it as quickly as the terraee was built up. On the other hand, 
an extension of the Wilton Valley terrace westward may have 
caused Cedar river to be dammed up more than the lake basin 
itself. Such a po'nding of the river may have resulted in 'a 
lake being formed over the , area to the east of the ~iver, an 
area wpich has a topography quite unlike the ordinary Kansan. 
The region is essentiallY flat and is covered to a . large extent 
by sand dunes. The age , of this youthful-appearing supposed-
ly Kansan area has been questioned by Leighton.196 May it be 
illinoian, or a former lake site, or is it a rock terrace covered 
with a veneer of Kansan drift? The problem still remains open. 
A difference in the depth of the two arms of the lake basin 
and in the slopes of their floors, together with a greater supply 
of sediments to. certain portIons . of the basin readily explains 
the different elevations of the lake bed. Thus, on the supposi~ 
tion that Lake Calvin existed, the high and intermediate ter-
races may be considered as having been formed contemporane-
ously. If the two terraces were formed at ,the same time 
sho.uld not the intermediate terrace be less cross-bedded than 
the high terrace and be made up of :flner-materials' Study of 
the terrace materials shows. that .the part of the high terrace 
south of River Jmiction is cross-bedded, due to the fact that 
the largest' tributary, English river, emptied into the lake ba-
sin at, that point. ' Theterra.ce materials north of River J unc-
tion are finer and less cross-bedded because Old Mans creek 
198 Persona! communication, 
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and Clear , creek are sll,laller and thus were not able to carry 
such coarse materials as English river carried .• However, but 
few sections were seen in the upper part of the high terrace. 
New exposures may reveal cross-bedding ' and coarser mater-
ials. 
DO THE HIGH AND INTERMEDIATE TERRACES REPRESENT TWO 
STAGES OF TERRACE DEVELOPMENT' 
The question may be a:sked: ' On the supposition of a lake 
~ hypothesis, do the high and intermediate terraces represent . 
two stages of terrace development ~ Is there any 'evidence indi-
cating that Lake Calvin had two' stages~ Udden in discussing 
certain bowlders in the lake region, accounts for them as hav-
ing been' transported in all probability "by floating ice on the 
l 'surface of the lake at an early stage, when its . waters stood 
high.' '197 Again, the same writer states "1'he high ' stage of 
the lake must, however, have been of short duration, for the 
bowlders are few and ' not· associated with any indications of 
a shoreline. It may indeed have been of the ,nature 9f a per-
iodic or an accidental overflow.' '198 The above evidence does 
not prove the formation of anyone of the terraces in the lake 
"Qasin. Lake Calvin, if it existed, occupied the lake basin for 
a considerable time, probably until the coming on of the Iowan 
ice sheet. On the basis that the lake existed far into the San-
gamon . interglacial interval, the intermediate terrace may be 
explained as consisting of the first sediments laid down in the 
lake. This may account for the fact that the intermediate ter-
race contains the coarser materials of the two. Most of the 
deposits and those of the coarsest character naturally would be 
deposited in the early stages of the lake's history, especially 
while the ice sheet still occupied the region. As time elapsed 
and the glacier had retreated from the region, finer and finer 
as well as fewer materials were brought to the lake. These 
later deposits may constitute the sediments of the pigh terraces 
which are built 'out as deltas into the lake. It is a noteworthy 
fact that the high terraces are located wherever streams empty 
191 Udden, J. A., Geology 'of Muscatine County: Iowa Geo1. Survey, Vol. IX, p . 854, 1899. 
198 Idem, p . 355. . 
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into the lake basin at the present time. In that . case the high 
and intermediate terraces will still have to be considered as 
having been formed contemporaneously. . 
The theory that the high terraces represent the la;ke's his-
tory during the time when the outlet of the lake was by way of 
the now abandoned Mis:;;issippi channel of Leverett and that the 
intermediate terrace represents the period when the waters of . 
Lake Calvin escaped by way of the Iowa~Cedar river valley 
seems to have little weight. The intermediate terrace is by 
far the most widespread and, judging from several well rec-
ords, undoubtedly has the greatest thickness of sediments. 
Hence, all things being equal, the formation of this terrace · 
should involve a greater length of time than that of the other 
terraces. Furthermore, the greatest amount of deposition 
should have ~ake:n place during the earlier stages of the lake's 
existence. Indications, however, point in other directions . . The 
straight line of contact between the high and low-terraces sug-
gests that the lake's outlet was by ,way of the now abandoned 
channel until the advent of the .Iowan .ice. ThIS unusual line 
of contact seems to indicate that in the formation of the high 
terrace the stream did not meander and hence did not exist 
very long. It appears as if the terrace was eroded rapidly, ' Qr 
why the absence of the sinuous outline which it has where the 
flood plain of the present river abuts against it? (See Plate 
XIV.) To account for the, remarkable' line of contact between 
the two terraces, the following hypothesis is offered. Lake 
Calvin remained for an exceedingly long time after th~ ice 
sheet had retreated from the region. Its water' level must 
have stood as high as the lowest point in the now abandoned 
cp.annel which served as its outlet until the new outlet by way 
<;>f the Iowa-Cedar riv~r vaHey was formed. The formation of 
the new outlet must have taken place near the time of the ad-
vent of the Iowan ice' and theJake must have been drained in a 
comparatively short time. ,This seems to be indicated by the fact 
that the river to which the' formation of the high terrace may 
be attributed did not hl':J,ve. time to reach maturity and meander 
arid develop such a sinuous escarpment as the terraces border-
ing the present Iowa and' Cedar tlvers have. While the. stream 
........ --
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was still in the early stages of forming the high terrace, the 
Iowan ice sheet invaded the region to the north. As a result 
of this ~ce incursion, the , stream was changed from an eroq-
ing to an aggrading river due to the overloading of the stream 
with sediment coming from a new source of supply. Thus a 
newfiood plain was developed. As soon as the ice had re-
treated, and the ' supply of sediment was cut off the stream 
found itself above 'grade and immediately began to cut down 
its bed again, thus giving rise to the formation of the low ter-
race, part of which has been removed since~ Sufficient time 
has not -elapsed for the remova,lof all of the low terrace, hence 
the straight escarpment of the high terrace persists where 
the two are still present and are contiguous. The irregular 
esc~rplllent of the. high terrace is found only at those places 
where the river has removed the low terrace and has cut into 
. the high terrace. , 
Another factor bearing upon the problem of the length of 
time that Lake Calviri was drained by way of Leverett's chan-
nel is that of the Illinoian gumbotiL If present contentions are 
correct,- the formati9n of a gumbotil is an exceedingly slow 
process and implies little or no 'erosion. The Illinoian gumbo-
til is at least five feet thick and was formed before Lake "Cal-
vin could have ' been drained by any other outlet than the now 
abandoned channel south of Columbus J unct~on~ .nlinoian gum-
botil outc~ops along both 'sides of the Iowa-Cedar and Mississip-
pi rivers. If our present ~deas of the formation of the gumbotil . 
are correCt, then the lake. could not have found its discharge 
by. way of those valleys. , :The ,gumbotil then is' in perfect har-
mony with the straight escarpment between the high and low 
terraces as vouching fQr a long life history of Lake Calvjn. 
Thus so far all indicati6ns point t9 the vie~ that the inter-
mediate terrace does not represent a stage in the existence of 
the lake when It was drained by way of the Iowa-Cedar river 
valley. 
It can not be argued convincingly that the high terrace in the 
Cedar river arm of the lake basin was ever, more widespread 
, than it is now. As long as the outlet of Lake Calvin was south 
of Columbus Junction, a lake existed and erosibn of the ter-
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race was out of the 'question. The theory that erosion since 
the lake was drained has removed most .of the high terrace does 
not seem sound. In the first place, why should not more of the 
high terrace in the ' Iowa river ,arm df the lake have. been re-
moved since that time? Then too, field relations do not war-
rant such a supposition. 
It therefore appears to the writer that there' is no way of 
escape from the conclusion that the high and intermediate ter-
race ,are contemporaneous in origin. . Therefore they must bf! , 
iacustriI,le, as exact contemporaniety is impossible on the basis 
ofa fluvial hypothesis. 
ARE THE LOW AND INTERMEDIATE TERRAOES CONTEMPORANEOUS! 
The establishing of the contemporaneity or of two distinct 
ages of the intermediate and low terraces can readily be done 
from a study of the terrace materials irrespective of either the 
lacustrine ', or the fluvial hypotheses. The low terrace is con-
fined to the Iowa river section of the lake basin whereas the 
intermediate terrace lies practically all in Muscatill(~ ' 'County. 
At no place are the two contiguous. A comparison of eleva-
tions of the two terrac,es at places having the same latitude 
shows that the intermediate terrace is ten to twenty-five feet 
higher than the low, terrace as may be seen from the following 
table. However, a differenee in elevation do~s not in itself ,dis-
prove contemporaneity of origin. A study ' of terrace mater-
LATITUDE OF , LOW TERRAOE 
ELEVATION 
Feet ' 
Hills 640 
Iowa Junction 628 ' 
INTERMEDIATE 
' TERRACE 
Feet 
665 
,638, 
DIFFERENCE IN 
ELEVATION 
, Feet 
25 
10' 
ials, jncluding their texture, stratification and structures, is the 
more important factor in ' determining whether :the lovv' and in-
termediate terraces had a ' common mode of origin. As shown 
in Chapter V, and on subsequent , pages, the materials in the 
low terrace have a high textural range, are highly cross-bedded, 
show pocket-and-Iens type of structure, in short show , typical 
characteristics of fluvial deposits. On the , other hand, the in-
termediate terrace is made up in the main of deposits having 
• 
194 LAKE CALVIN 
a low textural range, the stratification is, as a rule, fine and 
horizontal and the pocket-arid-lens type of structure is incon-
spicuous if not entirely wanting. Considered on the ' basis of 
deposits -alone, the terraces are undoubtedly not of the ~ame 
origin. Furthermore, the fact that the terraces do not have 
the same ' elevation at places of the same latitude materially 
strengthens the foregoing conclusion. . 
Summing up what has been said so far regarding the three 
terraces, it is seen that on the basis of a lacustrine hypothesis 
the high and intermediate terraces are of the same age and 
the low terrace is not contemporaneous with the intermediate. 
thus reducing the set of terraces down to two. According to 
the fluvial hypothesis, there are three terraces of three distinct 
ages to be accounted for. 
'Since a study of ' terrace materials shows that the low terrace 
is positively fluvial or ' glacio-fluvial and is Iow;m ' in age, since 
the other two terraces are quite unlike the ' former and can 
very readily be correlated in age under the lacustrme hypoth-
esis, and since most of the other features of the lake basin can 
not be explained as well on the fluvial as on the lake hypothe-
sis, there is no need for further discussion of the terraces. 
A combination of the fluVio-lacustrine type of hypothesis has 
not been presented because of the readiness 'with which all fea-
tures can, be ' explained on the basis of a lacustrine interpreta-
tion. 
ROUNDED BLUFF LINES OF THE LAKE BASIN. 
Discussion.-Relative straightness and smoothly curving ,or 
rounded outline at places of indentations are the two striking 
features of the bluff line, in the lake basin. A straighter line 
of bluffs than those marking the limits of the illinoian upland 
can not be asked for. A comparison of the Illinoian bluffs in 
the lake basin and ht the Iowa-Cedar river valley as shown on 
figure 35 brings out'the fact that the former are far more regu- , 
la1' than the latter. The valley along Iowa-Cedar river un-
doubtedly owes its origin to stream erosion. Does the straight-
ness of the line of bluffs in ' the lake basin then argue for a 
different mode of origin 1 ' If not, why the difference in the 
• 
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FIG. 35.-Comparison of bl~ lines in the Lake Calvin region. 
straightness of the bluff lines although both are cut into SImI-
lar materials ¥ 
Normally at the junctions of stream valleys projecting spurs 
are found, such ~s are iUqstrated in A of Plate 'XV. A study" 
however, of the bluff line in the lake basin at places where two' 
valleys meet brings out the fact that the normal type of pro-
jecting spur is missing but is replaced by very broad curves 
or rounded bluff lines. Granting that in exceptional cases such 
a bluff line may be developed by stream erosion, nevertheless 
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Diagrams showing the type of spur developed at the junctio n of two normal stream valleys in 
counties, A, and in the Lake Calvin basin, B. 
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it will also have to be admitted that when in the majority of 
cases the normal type of spur is .replaced by the rounded form 
of bluffs, some .other explanation than :ordinary stream erosion 
will have to be sought to account for the abnormal conditions. 
Interpretation.-A line of bluffs such as those of the Illi-
·noian upland does not appear to be in harmony with the work 
of streams. Even on the supposition 'that the river was over-
loaded and therefore was aggrading its valley, the meandering 
of the stream must have caused it to, cut into the bluffs some-
what and to erode them by lateral planation! thus giving rise 
STAGE II 
STAGE ~ STAGE .. 
FIG. 36.-Diagrams showing the development of a rounded blulf Iin~ at the junction of two 
streams by the meandering of the rivers and the involving of stream piracy. 
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t.o a river-scarred type .of valley wall. H.owever, all traces of 
such a valley wall are lacking. 
Perhaps the m.ost .difficult feature t.o acc.ount f.or is the char-
.acteristic and . striking r.ounded bluff line f.ound at the juncti.on 
.of tw.o valleys, (See PlateXV.) The absence .of the n.ormal type 
.of pr.ojecting spur in the lake basin very str.ongly indicates that 
.other agencies than. running water carved .out the bluffs. A 
single case .of a r.ounded bluff line at the juncti.on .of tw.o val-
leys may be c.onceived .of as having been f.ormed by the ·acti.on 
.of running w~ter due either t.o the meandering of the streams 
f.oll.owed by piracy .or t.o the devel.opment .of tributaries and pi-
racy. A case illustrating the latter meth.od in the pr.ocess .of 
devel.opment is sh.own at Cap~t.ol ;Hill at Des M.oines, I.owa, (See 
figs. 44-46, Iowa GeoL Survey, VoL XXV, pp. 539-541, 1914.) 
A rounded bluff due to the fo'rmer meth.od is shown by the dia-
grams .on figure 36. But when ;the maj.ority .of .bluffs at the 
junctio~s .of streams show br.oad curves, the hypothesis .of 
F IG. 37,-Sketch , map showing the rounded bluff lines on both 
sides of English river . 
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stream work has ' to be abandoned. Furthermore, wheri the 
bluffs on either side of the river, ' as illustrated in the preced:-
ing -diagram, figure 37, are of the' rounded type, the idea of 
stream w~rk as the agent loses much of its significance. 
A more likely explanation for the abnormal type of bluffs in 
the lake basin is in the action of waves. There is 'no better 
force than the constant beating of the " raves on t;he bluffs from 
all sides to explain their rounded character . . Lakes never show 
characteristic sharp erosional headlands but rather features 
of well rounded outline. To the writer, the broad curving 
type of bluff line amounts to. practically positive proof-of the 
former existence ofa lake in the lake basin. 
BOWLDERS IN THE LAKE BASIN. 
, ' 
Discussion.-Bowlders are extremely few anywhere within 
the borders of the lake basin. The following is a list of lo-
cations where bowlders are found. 
Louisa county , 
1. Oakland township, Sw.1,4 Sw.1,4 sec. 11, base of terrace. 
2. Oakland township, Sw.14 Nw.1,4 sec. 15, top of terrace. I 
3. · Oakland township south central edge of sec. 9, base and 
top of terrace. ' . 
4. Concord township, Ne. corner sec. 1, base and 'slope of 
terrace. 
M usc'atine county , 
5. Pike 'township, N e. corner of sec. 7, top of terrace. ' 
6 . . Goshen township, centraJ 'part Sw.1,4 sec. 34, top of ter-
race. 
7. Pike township, Ne.% sec. 3, slope of terrace. 
8. Pike township, Nw. corner Ne.1,4 sec. 3, slope and base of 
terrace. 
Except for localities 1, 2 and 3 the bowlders are within four 
and one-half miles of the Illinoian bluff line and the greatest 
number and the largest are found but half a ' mile distant from 
these bluffs. Bowlders at 1, 2 and 3 are from seven to eight and 
one-half miles from the same bluff line. The bowlders are 
mainly of the granitic type, although two are limestone and 
one is greenstone. They range in size from those having di-
mensions of 1.5x1.5x.5 feet to those having dimel1si~ns of 
3.5x3x2 feet. In every case, the bowlders a~e associated with 
L-...-lL-! ~ ___ _ 
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the intermediate terrace and lie ' either on its surface, as do 
those at 3, 5, 6 and .7; or on its escarpment slope, .as is the case 
'at 2, 4, 7 and 8, or el,se at its base, as in the case of those at 1, 
3,4 and 8. 
Several possibilties present themselves as to the way by 
which these bowlders may have been brought to their position 
. and location. . These are summarized as follows: 
1. Alluvial material. 
2. Outwash from the illinoian ice. 
'3. Ice-rafted bowlders floating down a stream. 
4. - Ice-rafted bowlders floating on a lake. 
5. These bowlders may be from the original till underlying 
the lake basin; they mark places 'Yhere the till outcrops 
now. 
6. Some may have been carried in by man. 
Interpretation.-Of the six .methods summarized to account 
for the position and location of the bowlders in the lake basin, 
the first, fifth and sixth may be set aside after brief considera-
tio;n. That the bowlders do not owe .their position and location 
to ordinary fluvial conditions seems to be apparent when one . 
considers the juxtaposition of the few large and scattered 
bowlders to the fine materiais Of the terraces. If the streams, 
were able to transport a ·few bowlders from those a foot in dia-
meter to those three feet in diameter then gravel could als,o 
have been transported easily and should therefore be' in evi-
dence among the te:rrace materials. However, gravel IS not to 
be found and thus the finding of scattered bowlders on fine sands 
demands another hypothesis than that of ordinary alluvial 
conditions. That the bowlders are not the outcroppin,g of an 
underlying till is clearly proved in most ca~es by the fact that 
many of them lie on the surface or slope of the terrace which 
is known to consist of stratified materials. In cases- where, 
the bowlders lie at the base of the terrace, it is ~ot so appar- . 
ent whether they are or are not to be , considered as outcrops 
of till. At several places, as where the shingle-like gravels are 
found, the till lIes but thirty feet or so beneath the terrace sur~ 
face. On the other hand, recDrds of wells at other places show 
a depth of over 250 feet of sands and gravels before the till 
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is reached., Unfort~ately well records 'in the lake basin are 
few and scattered. 
With the exceptions of .those at localities 5 and 6, there seems 
to be no logical reason why the bowlders should have been 
brought by man. A limestone 'bowlder was found at each of 
localities 5· and 6. .In each case, the bowlder was found near 
a fence on the terrace surface., These two bowlders may ' have 
been brought in by man. However, at other places, the bowld-
ers lie in such locations that artificial transportation is ex-
. . 
tremely unlikely. 
The fact that the largest bowlders are found ne'arest to the ' 
bluff line and the ' smaller ones farther 'away suggests Illinoian 
. outwash deposits. Yet the absence of other coarse material, as 
well as the lack of structure typical of rapid deposition is not 
in harmony with an outWash hypothesis. Th~ bowlders are 
best, explained as being ice-rafted bowlders floating eithel' down 
a river or on a lake, and as reaching their present position ' by 
the melting and the stranding of the 'icebergs. From what has 
been said before regarding the terrace materials and froni 'the 
fact that many of the bowlders lie on the surface or . slope of 
the terrace, which consi~ts of fine to medium-textured, and ror 
. . . . 
. the most part horizontally stratified ' sand, it is easier to . ac-
count for the bowlders as being brought to their final resting 
place by debris-laden icebergs floating on' a lake than by any 
other method. . . 
CERTAIN GRAVEL DEPosrrs IN THE LAKE BASIN. 
. , 
Discussion.-(fravels are exposed ' at numerous , places along 
the course' of Iowa river, These . gravels rest on a bluish to 
black till in practically every case and consist of rocks of all 
descriptions and sizes. There is no doubt that the gravels are 
closely related to '\ the till and remain as distinct deposits be-
cause the finer mud or silt has been carried away. The note-
worthy fact regarding these deposits is that an unusual num-
ber of the gravels and bowlders are flat or slablike rather than 
subangular as is character~stic of ordinary glacial material, or 
rounded, ; as are typical fluvial deposits. This shingle-like 
form is not limited to the softer sandstone and limestone but 
I ' 
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is common 'also to the more resistant varieties of rocks as 
cherts, granites; basalts, etc., and to rocks of all sizes from 
those an inch to two in diameter to bowlders measuring over a 
foot. ' It is important to remark in this connection that wher-
ever these shingle-like gravels appear, the bluff line of the 
drift uplands is very close at hand. In no case is the bluff 
line more than one mile distant from the gravels. Gravels 
having the typical shingle-like ' character are found at the fol-
lowing places: 
1. Washington county, Iowa township, sec. 23; half a mile 
from bluffs. 
~. J ohnsop. county, Fremont township, sec. 24; half a mile 
from bluffs. 
3. Johnson county, Fremont township, sec. 25; half a mile 
from bluffs. 
4. Johnson. coUnty, West Lucas township, sec. 34; a quarter 
of 'a mile from bluffs. 
5. Johnson county, East Lucas township, sec. 27; one mile 
from bluffs. ' 
6. Johnson county, Liberty township, sec. 27; one mile 
from bluffs. 
The shingle which is exposed in the abandoned railroad gra-
vel pit in the southwest quarter of section 34, West Lucas town-
ship, Johnson county, does not rest on till but is interstratified 
between two sands of the low or Iowan terrace. The gravel 
bed is twelve to twenty.-four inches thick and consists princi-
pally of limestone. The pieces range texturally from small 
sand grains to bowlderets nine ' by six by four inches. The 
slablike form, however, is not confined to the limestones, but 
is found also on the cherts and basalts. The Kansan bluffs are 
but a quarter of a mile to the west. Alccording to the owner 
of the land in which the pit is located, the graveLs underlie a 
large part of the low terrace. Evidently in this case the gra-
vels attained their characteristic form before reaching their 
present position. 
Interpretation.-It is ' a well known fact that in many cases 
gravels found along lake beaches or sea coasts possess a slab-
like form and show an arrangement similar to that of shingles 
on a roof, from which fact the deposits have, received the term 
'shingle'. From the fact that the gravels under discussion are 
SANDY TRACTS ON LAKE BORDER 203 
of this type, and that the shingle character is not confined to 
anyone kind of:r;oc~, but is common to all, whether they are re-
- sistant or nonresistant, igneous ' or sedimentary, and from: th~ 
fact that the deposits , aPpear to be related to th~ 'underlying 
. till or the. _ nearby bluffs, the writer feels inclined to explain 
the characteristic form of the gravels by the continued washing 
upon them of the waves. The shingle-like gravels interstrati-
ned between the sands in the low terrace in section 34, West , 
Lucas township, J Qhns6n county, undoubtedly were rehandled 
and brought to their pr~sent position by the action of glacial 
streams at the time of the Jowan stage of glaciation. 
THE I:4LINOIAN UPLAND WITH~ AND WITHOuT THE LAKE BASIN. 
Discussion.-One of the noticeable features of the Illinoian 
upland is its sandy and dune covered border in the lake basin 
and the absence of such sandy deposits south 'of Columbus 
,Junction and in the Mud-EJlqlorn valley. This feature is the 
more striking because of the abrupt termination of the sandy 
tract south and east of the lake basin. (See Plate XVI.) A 
fringe of undulating sand dunes extends all along the bluffs 
from Mosquito creek in Moscow township, Muscatine county, 
,almost to Columbus Junction in Louisa county. These sandy 
tracts are on the average Jess than half a mile' wide, but reach 
a width of it mile or two miles at places, as two to three miles 
,north of Bayfield. The dunes range in height ,from ten to 
p.fty feet. The question at once arises: Why . s~lOuld there 
be a difference in the character of the bluff line east and south 
of the lake basin if conditions were the same~ If no lake ex-
isted, but a river, why should there be a restricted area of 
sand ~ On the other ha d; if Mud creek valley was the inlet to 
the lake and the outlet was south of Columbus Junction bor-
dering the illinoian upland, might there not be a differenc~ in 
the character of'the bluff line at these places as compared with 
the intervening Illinoian border which formed the shore line 
of the lake~ 
Interpretation.-On the basis of the theory that the filling of 
the lake basin is alluvium, there appears to be no good reason 
why the sandy tract should be restricted to the Illinoianbor-
c: 
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Map showing the abrupt disappearance of sand dunes along the Illinoian upland border ~outh 
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der adjacent to the lake basin and abruptly terniinate at Colum-
bus Junction and be absent in the Wilton Valley. If a stream 
occupied the Wilton Valley, the lake basin and the temporary 
Mississippi channel Of Leverett, then the entire illinoian border 
,adjacent to these places ought to be similar. Yet this is not 
the case as Plate XVI shows. On tile other hand, if a lake 
occllpied the . area to the west of the Illinoian sand Covered 
margin and the Wilton Valley and a stream flowed iIi the now 
abandoned channel, then it becomes a relatively easy matter 
to account for the difference in the bluff border. .It is but nat-
ural that along the sh~res of a lake sandy beaches are thrown 
up. The sand on becoming dry becomes the prey of the wind 
which soon drives the sand into dunes. Sand dunes are not 
common along the courses ' of streams especially where , these 
streams occupy ' the entire valley . . If a lake existed in the re-
gion then the stream draining the lake would naturaliy be , rela-
tively free ,from sediment ,and also would have minimum ero-
o sive power to collect material for the formation of sand dunes. 
The absence of the dunes in the Wilton Valley, which probably 
was tl).e site of a lake rather than of a river, may be accounted 
for by the facts that its longer axis is in the same direction as 
that of the prevailing winds, that the lake, at this place was 
narrow and' thus not well adapted for the formation of large 
waves and that th~ valley is not exposed as much as the lake 
basin proper. Thus all things considered, the writer prefer"s 
. to explain the difference in the character of the illinoian bluff 
line on a lacustrine basis. 
A COMPARISON OF THE WIDTH OF THE VALLEY.S IN AND OUTSIDE 
OF THE 'LAKE BASIN. 
Discussion.-A study of the wid'th of either the Ibwa or the 
Cedar river ~alleys within and without the lake basin reveals 
,the fact that the width of the valleys within the lake basin 
greatly exce~ds that without. At various places the valleys 
outside of the lake basin are wide, not so wide, however, that 
they can not be accounted ,for by stream work. With the ex-
ception of one locality the width of the valleys outside the lake 
basin is nowhere one-half as great as that within the basin. 
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The Iowa-Cedar rivervalle'y in the vicinity of 'Wapello, where 
the valley is known as the Wapello prairie, has an unusual 
width. .AJt Wapello it is six miles wide and for a distance of 
about five miles on either side of the town the valley is up.us-
ually well developed. . The cause for this abnormal width has 
not been investigated. 
'\ Interpretation.-Why such a vast difference in the width of 
the valleys within and without the lake 'basin should exist if 
they are due to stream work is not easy to see. This is espe-
cially true since the valleys are cut into similar materials. The 
valley of Iowa river west of Curtiss, Johnson county, is unus-
ually wide, although it in no way compares with the valley 
south of Iowa City and yet in both places the valley is cut into 
drift. It is easier for the writer to 'think of the valleys of Iowa 
and Cedar rivers within the lake basin as being of lacustrine 
origin rathet tha,n of fluvial origin. 
CONCLUSIONS. 
In order to sum up the various interpretations presented and 
before making any .conclusions, the following table is intro-
duced to show what hypothesis · is favored by the . interpreta-
tion of the various features found in the lake basin. 
TABLE 3, TABLE SUMMARIZING THE HYPOTHESIS FAVORED BY THE 
INTERPRETATION OF THE VARIOUS FEATURES IN THE LAKE 
CALVIN REGION. 
FEATURE 
Theoretical considerations 
The Mud-Elkhorn creek valley - the Inlet 
The temporary Mississippi river channel of Leverett 
- the Outlet 
Laminated silts, clays and sands in the lake baein 
Terraces in the lake basin 
Three terraces of different ages 
High and intermediate terraces same age, 
low terrace Iowan 
Texture and structure of high and 
intermediate terraces 
Rounded bluff lines of the lake basin 
Bowlders in the lake basin 
Certain gravel deposits in the lake basin 
The TIlinQian upland within and without the lake basin 
A comparison. of the width of the valley in 8.D.d outside 
of the lake basin 
illinoian gumbotil 
HYPOTHESIS FAVORED 
LACUSTRINE FLUVlaL 
X 
. X+ X-
X 
X 
X 
X 
X 
X 
X+ X-
X 
X 
" X , 
X 
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.The table shows at once that every feature can be explained 
very readily by the lacustrine hypothesis, whereas but two out 
of twelve features can be explained as well by the fluvial hy-
pothesis and only one better. In view of the fact that the 
weight of evidence is In favor ~f. the iake hypothesis and that 
this hypothesis is in complete harmony with the gumbo til idea 
the writer is convinced that Lake Calvin was a rea1ity .. 
ORIGIN OF LAKE CALVIN. 
Since the existence of Lake Calvin has now been established 
its origin might next be outlined briefly. The Illinoian ice 
sheet in its advance into Iowa occupied and filled the valley 
of Mississippi river thereby displacing the stream toward the 
west. FUnding an outlet by way of Maquoketa river, the wa-
ters flowed westward to a low col in the vicinity of Preston in 
Jackson county. From here the combined waters of the two 
streams flowed southward as far as Wapsipinicon river and 
thence westward to the mouth of Mud creek from whence a 
southerly course was pursued over the Mud-Elkhorn divide to 
Cedar river at Moscow. As the valley of Iowa-Cedar river also 
. was blocked by the same ice sheet · on one side and by high Kan-
san bluffs on the other, the waters of Mississippi, Maquoke.ta, 
Wapsipinicon, Cedar and Iowa rivers and those flowing from 
the ice edge rose until the entire lake basin was covered by a 
wide expanse of water, to which .Ddden has applied the term 
'Lake Calvin.' The lake rose unt'il the level of the now aban-
"doned "?"alley south and southwest of Columbus Junction was 
reached and afforded an outlet. 
/ CHAPTER VII. · 
THE DRAINAGE AND mSTORY OF EXTINCT LAKE CALVIN. 
Earlier Views Regarding the Duration of Lake Calvin. 
Although' Udden does not discuss the drainage of Lake Cal-
vin, he undoubtedly was of the opinion that the lake w~s 
drained for only a short time by way of the abandoned chan-
nel. This is shown by the following sentence quoted from. his 
report. "For most of the time of its subsequent existence· it 
(the lake) must have been a wide expansion of the Cedar river, 
somewhat . like Lake Pepin in the Mississippi of today, with 
its water level but slightly higher than the present sUrface of 
the West Liberty plain.' m9 The southern end of the' West 
Liberty plain of Udden or the intermediate terrace of this re-
port has an elevation about 610 feet above sea level or approxi-
mately 120 feet below the floor of the now abandoned channel. 
Our prese'nt knowledge of ,the Pleistocene, especially that con-
cerning the· origin of the gumbotils, will not · warrant a view . 
such as is 'suggested by the quoted sentence. Leverett aiso fa-
vors the view that "The abandonment 'of the lower end of the 
channel from Columbus Junction southward probably occurred 
as soon as the ice sheet had withdrawn sufficiently to uncover 
the present line of the stream, for the altitude along the pre-
sent Mississippi bluffs is a few feet lower than the bed of the 
abandoned channel. ' This lower altitude along the Mississippi 
is 'due to the incomplete 'filling of the preglacial channel by 
drift.' ,~oo However, Leverett at the time of writing did not 
see tl1e significance of the gumbotil, although he had seen the 
gumbotil and had described it. Furthermore, the fact that the 
Mississippi bluffs are a few feet lower than the bed of the 
abandoned channel does not precJude the drainage of the lake 
by way of the abandoned channel south of Columbus Junction. 
The illinoian-Mississippian sag' if i,t existed was at least twenty 
• 199 Udden, J. A., Geology of Muscatine County : Iowa G;eol. Survey, Vol. IX, p . 855, 1899. 
2 00 Leverett, F ., The Illinois Glacial Lobe: U. S. Geol. Survey Monograph XXXVIII, pp. 
96·97, 1899. 
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miles distant fr.om "Lake Calvin by way.of the present I.owa-
Cedar river valley. What the elevati.on .of the intervenIng 
t.op.ography was, is n.ot kn.own. The illin.oian upland at C.olum-
bus J uncti.on ' is about 730 feet above sea level; at Mor~ing 
Sun, but two 'and three-fourths miles from the south valley 
wall of Iowa-Cedar river, it is 752 feet and at Newport, only 
. two miles s.outh of the river bluffs, it is at least 720 feet above 
sea level, The Mississippi bluffs north of Wapello are at many 
places over 700 feet "above sea level. Leverett also does not 
appear to have had much faith in the existence of Lake Calvin 
for he barely .mentions the lake in his classic monograph on the 
illinois Glacial Lobe.201 Then too, the absence of notable sand 
and gravel deposits in the channel should have been the nat-
ural clew to suggest to him the presence of the lake. As has 
been shown in the previous chapter, the absence of such depos-
its in the channel is in perfect harmony with the lake hypothe-
sis. The lake acted as a filtering plant and so the outflowmg 
stream was free from sediment, hence there should be no- de-
position. Furthermore, as a stream without ' a load has mini-
mum erosive power, such material would not be collected, es-
pecially if the ground were frozen as suggested by Chamber-
lin.202 Thus it is easier to explain the absence of notable de-
posits of sand and gravel in the channel on the basis of a lake 
than on that of a frozen stream bed. 
The Dura.tion of Lake Calvin. 
The writer agrees with the conclusion of Udden20s that Lake 
Calvin persisted almost to the time .of the, Iowan ice incursion" 
although the means by which he arrived at that view are n.o 
longer tenable. It is obvious, if the present view 'concerning 
the origin of the gumbotil is correct, that Lake Calvin could 
not have been drained by way of the Iowa-Cedar' river valley 
shortly after the ice had retreated, since outcrops of lliinoian 
gumbotil appear on both valley walls of the Iowa-Cedar and 
the Mississippi river valleys. Hence, to say the least, drain-
201 Idem" p. 96. 202 Idem, p. 93, 
203 Udden, J. A., Geology of Muscatine County: Iowa Geol. Survey, Vol. IX, p. 355, 1899. 
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age of the lake by this route is post-Iilinoian-gumbotil in age: 
A long-lived Lake CalVin is in accord with the theory of the 
formation of the Illinoian gumbotil . as the levels of the lake 
and of the gumbotil as they ar~ shown at Columbus Junction 
were not · separated by more than ten to twenty feet, a dif-
ference in height which would not .give rise to pronounced 
erosion. Another factor supporting a long existence for. Lake • 
Calvin with an outlet south of Columbus Junction ani! a sud-
den draining of the lake by way of the Iowa-Cedar valley is 
the straight line of contact between the high and low terraces 
in the Iowa river arm of the lake basin. At places where the 
low terrace is missing, the escarpment of the high terrace is 
sinuous due to the meandering of Iowa riv.er. At other 
places, however, where the low terrace lies between the high 
terrace and the flood plain of the river, the line of contact 
between the two terraces is unusually straight. This suggests 
to the writer that the stream which eroded into the high ter-
race was not meandering and that ~he formation of the terrace 
was suddenly halted by the building up of another flood plain 
which was subsequently cut away to form the. low terrace. 
Therefore, the writer believes that Lake Galvin existed almost 
to the time of the coming of the Iowan glacier, that the lake 
was drained iI1- a comparatively short time and that the doWn-
cutting of the lake bed to form the high terrace· was shortly 
interrupted by the aggrading of the valley. The change from 
an eroding to an aggrading stream was the result of overload-
ing of the stream with sediment received from the melting 
Iowa~ ice sheet to the north. ' As soon as ' the glacier had re-
treated · from .the region, the stream, no longer receiving an un-
usual amount of sediment, found itself above grade and con-
sequently began to remove the deposited material, producing 
. thus the low terrace, the destruction · of which is still in pro-
gress. 
. Thus on the basis of the nlinoian gumbotil, the straight line 
of contact between the high and the low terraces along Iowa 
river and the great amount of sediment in the lake basin, the 
writer is convinced that Lake Calvin was not short-lived but 
existed almost to the time of the Iowan ice invasion. 
I. 
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The Draining of Lake Calvin. 
No hypothesis regarding the draining of Lake Calvin has 
ever been advanced. It is o'bVl.oUS that the .main factors in the 
draining of the ancient lake were the development of streams 
on the recently ' form~d illinoian gumbotil ph~,in and stream ' 
piracy. Just where and how the piracy took place mustre-
main hypothetical as field evidence is lacking. To begin with, 
after the illinoian ice sheet had withdrawn from the region, a 
long time elapsed before erosion became active. During this 
period of quiescence, . the . drift was subjected to the effects ' of 
atmospheric weathering and 'a gumbotil at least fiye feet thick 
, was formed. . That the formation of gumbotil is an exceedingly 
slow process has been demonstrated by Kay.204 TheJ? erosion 
became active due either to diastrophic movements or to the 
fact that the region lies in close proximity to the master drain-
age lines. . New streams tributary to Mississippi rjver ' north 
and south of the Illinoian area soon developed and worked their 
way headward into the Illinoian upland. Finally, some stream 
was able to work its way backward until Lake Calvin was 
tapped and drained. ..A.. possible method by which Lake Calvin 
was drained is mustrated in Plates XVII and XV1II. Sketch 
:map A of Plate XVII shows Lake Calvin immediately after the 
retreat of the illinoian ice sheet. Accor.ding to the gumbotil 
idea, the ' Illinoian drift plain after the disappearance of the 
glacier consIsted essentially of a fiat ground moraine very much 
like that left by the Wisconsin . glacier in northcentral Iowa. A 
- prolonged period of weathering followed during which at .least 
five feet of gumbotil was formed. Young streams soon devel-
oped on the Illinoian drift plain. . It 'is ,fairly safe to assume 
that a stream developed at each end of the buried Mississippi 
channel as well as at the western edge of the Iowa-Cedar river 
valley at Columbus Junction, as sags might be expected to exist 
over buried channels. Sketch B of Plate XVII shows the de-
velopment of the newly formed drainage lines on the Illjnoian 
drift plain. . In the life history of rivers, some streams due to 
various causes gain advantages over others and finally absorb 
204 Kay, G. F. , Jour . Geology, Vol. XXVIII, pp. 89-125, 1920, 
• 
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them, thus gaining larger volume and hence more erosive 
power. For convenience, it may he supposed that the southern 
tributary of the Mississippi, sketch map C, Plate XVIII, had 
the advantage over'the other youthful streams. Working back-
ward by head erosion, the stream after a time extended its 
valley as far north as the present mouth of Iowa-Cedar river, 
, where it sent out a branch westward over the course of the 
buried Iowa-Cedar valley. This tributary, which because of its 
relation to the master stream had the advantage over the other 
small streams which occupied the same valley but drained into 
the lake, soon shifted its divide w~stward and captured the 
west flowing stream, thus , draining Lake Calvin and directing 
the course of the Mississippi through its channel. (See sketch 
map C of Plate XVIII.) Finally, after continued head erosion 
by the north and south flowing streams in the paTtly filled Mis-
sissippi .valley, the north-flowing stream was captured by ,the 
south-flowing river and the entire drai:q.age was directed south-
ward as is shown on sketch map D, Plate XVIII. 
It is possible that Lake Calvin never was drained by way of 
the Iowa-Cedar river valley. Stream piracy may have taken 
place between the north and south flowing streams deveioped 
over the buried Mississippi valley rather than ill the Iowa-Ce-
dar v.alley. In that case, the drainage of the lake would have 
been diverted northward instead of southward. (See sketch 
maps E and F, Plate XIX.) To have established the grainage 
as it.is now, sketch map D, Plate XVIII, at least one other case ' 
of pi:racy would have bee,n necessary either in the Iowa-Cedar 
river valley or in the lake basin 'itself. To the writer, the first 
view regarding the drainage of Lake Calvin is just as logical 
as the latter. It may be asked: vVhy should the tributary de-
veloped in the Iowa-Cedar river valley at the mouth of the 
present Iowa-Cedar riv~r have had the advantage over the 
main stream ~ On the assumption that the north and south 
flowing tributaries of the Mississippi extended their valleys 
headward at the same rate, the head ·of the northfioW1ng river 
would have been a fe-w-miles-b-elow Davenport at the time that 
the south flowing stream had extended its valley as far north as 
the mouth of the present Iowa-Cedar river. If they continued. 
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l;tt equal rates the two streams should have met near Muscatine. 
The . distance between the lake basin and the present Mississippi 
river is equivalent to the distance between the mouth of Iowa-
. Cedar river and Muscatine. The question arises: "Is it pos-
sible that the .two tributaries developed ov~r the buried Iowa-
Cedar river val~ey united before the two main streams were able 
to do so 1 It seems plausible, especi::j.ilywhen it is remembered 
that in the case of the Iowa-Cedar valley two streams wer:e in-
volved in the same distance that one of the main streams had 
to work headward before stream piracy could have taken place. 
Furthermore, the east flowing tributary may have developed as 
rapidly as the south flowing stream since .the former must have 
been accordant with the latter. Then too, it must -be remem-
bered that 'the two main tributaries did not extend their v~l­
leys headward at the sarrie rate for in that case a permanent 
divide instead of stream capture ·would have resulted. Mo, 
the south flowing strear,n had the advantage over the one flQw-
ing to the north as the, Mississippi is now pursuing a course to 
the south. Moreover, the greater portion of the valley through 
which the north tributary flowed is cut into solid rock whereas 
the valley south of Muscatine is in q.rift. To the writer, the 
drainage of Lake Calvin by way of . the Iowa-Cedar river val-
ley is, more probable than by the more northerly course. 
, ~ 
!. 
The History of Lake Calvin, a Resume. 
After the retreat of the last seas, prob~bly the Cretaceous, 
the IJake Calvin region underwent,l. a prolonged period of ero-
sion. : It is not certain whether the Nebraskan ice sheet ad-
vanced over a peneplain as suggested by TrQwbridge~05 or whe-
ther the region presented a maturely dissected topography simi-
la~ to that' (If the famous Driftless Area of southwestern Wis-
consin and the' adjoining :states of Iowa, lllinois and Minne-
sota. Nevertheless, it is certain that at least before the advent 
of the Kansan ice, stream valleys two hundred to three hundred 
I . . 
feet deep traversed the region in various directions, forming 
a network of drainage systems comparing very favorably with 
those of the present time. Of these, at least two occupied the 
205 Personal communication. 
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. . 
site O'f the lake basin, .one in the regiO'n .of the present Cedar 
river, the Qther in the IQwa river sectQr Qf the lake basin. 
The Nebraskan glacier undQubtedly changed the aspect Qf the 
tQPQgraphy, ,whether it was a peneplain O'r a highly dissect~d 
regiQn, by destrQying all valleys which may have existed and 
leaving Qn its retreat a glacial tQPQgraphy Qf IQW relief. The 
drift was subjected to' 'weathering and erQsiQn during the en-
suing IQng AftQnian interglacial periQd sO' that PQrtiQns were 
changed intO' gumbQtil, and the regiQn was deeply dissected20S 
'QefQre the oncoming Qf the secQnd glacier, the Kansan. Again 
theQld tQPQgraphy was Qbliterated and a newly fO'rmed grQund 
mQraine was left in its place. After the retreat Qf the ice, 
mQre gumbQtil was fQrmed and the IQwa and Cedar river val-
leys were caned intO' existence. 
Unlike the O'ther twO' ice sheets, which entered the lake re-
giQn frQm the nQrth, the third Qr illinQian ice sheet fQund its 
way intO' the lake region by advancirig frQm the east. The ad-
I vancing. glacier, in crQssing intO' IQwa, blQcked the valley O'f 
Mississippi river and :filled it with ice. ·This caused the waters 
Qf the great· river to' be dammed back and necessitated the 
finding Qf a new CQurse to' the west. The stream fO'und an 
. Qpening by way Qf the MaquQketa river valley and flQwed first 
westward then sQuthward thrQugh the GO'Qse Lake channel to' 
the valley Qf WapsipinicQn river and finally Qver the l.ow di-
vide between Mud and Elkh.orn creeks to' the valley Qf the Ce-' 
dar at MQSCQw. Thence cQntinuing sO'uthward to' the juncti.on, 
Qf IQwa and Cedar rivers at CQlumbus JunctiQn, the cQmbined 
waters .of Mississippi, MaquQketa, WapsipinicQn,' Cedar and 
I.owa rivers f.ound their pathway Qbstructed Qn the .. Qne side 
by the great ice wall Qf the illinQian ice sheet and .on the Qther 
by the Kansan bluffs which stand 120 to' 140 feet high. _As the 
waters CQuld find nO' Qutlet, they rQse until the entire area .of 
the lake basin was cQvered by a vast and deep expanse Qf wa-
ter to' which Udden gave the name 'Lake Calvin.' During the 
IQng existence Qf the lake, the surplus water found its way to' 
the un:filled valley Qf the Mississippi by a deviQus CQurse ' 
206 Professor Trowbridge believes ' that during Aftonian times most of the rough subglacial 
topography was carved out. 
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through the now abandoned channel discovered by Leverett and 
tr:aced by him across several counties to the present valley of 
the Mississippi below Fort Madison. In the meantime, at least 
·five feet of gumbotil were formed and new streams were devel-
oped on · the Illinoian drift plain. Finally, shortly before the 
time of the next or Iowan ice incursion, Lake Calvin was tapped 
and drained, due to stream p~racy. The high and intermedi-
ate terraces were soon formed but because of the overloading 
of the streams by the vast amount of sediment derived from 
.the melting glacier to the. north, the terrace formation was 
ha'ltedand a new flood plain was developed. Since the retreat 
of. the glacier, however, Iowa river has been cutting down its 
new flood plain, producing thereby the low terrace, the .destruc-
tion of which is still continuing. Thus ends the history of the 
Lake Calvin basin to the· present time~ 
.' 
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